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MEMORY 


PRODUCT 




TOSHIBA 


1. NMOS Dynamic RAM 


Capacity 

Type No. 

Organi- 

Access Time, Max(ns) 

Cycle Time 

Power Supply 

Power Dissipation Max (mW) 

Pins 

Alternate 

zation 

tRAC 

tCAC 

Min. (ns) 

(V) 

Active 

Standby 

Source 


TMM4164AP-15 


150 

75 

260 






64K Bit 

TMM4164AP-20 

65,536X1 

200 

100 

330 

+5 

275 

22 

16 

__ 


TMM41256P/T-12 


120 

60 

220 


330 


P-16 



TMM41256P/T-15 

262,144X1 

150 

75 

260 

+5 

275 

28 

T-16 

UPD41256 


□ TMM41257P/T-12 


120 

60 

220 


385 


P-16 


256K Bit 

□ TMM41257P/T-15 

262,144X1 

150 

75 

260 

+5 

330 

28 

T-16 

UPD41257 


TMM41464P-12 


120 

60 

220 


385 





TMM41464P-15 

_ 

65,536X4 

150 ■ 

75 

260 

+5 

330 

28 

18 

UPD41464 


Note; Package material P; Plastic C; Ceramic, □; Nibble mode parts 

*: Preliminary.These are target specifications and are subject to change without notice. 


2. CMOS Dynamic RAM 


Capacity 

Type No. 

Organi- 

Access Time, Max(ns) 

Cycle Time 

Power Supply 

Power Dissipation Max (mW) 

Pins 

Alternate 

zation 

tRAC 

‘CAC 

Min. (ns) 

(V) 

Active 

Standby 

Source 


.\TC51 1000P/J-10 


100 

50 

190 


330 


P-18 



\TC51 1000P/J-12 

1,048,576X1 

120 

60 

220 

-5 

275 

5.5 

J-20 

HM51100 


:.1TC511001P/J-10 


100 

50 

190 


330 


P-18 


1 M Bit 

□ TC51 1001 P/J-12 

1,048,576X1 

120 

60 

220 

-5 

275 

5.5 

J-20 

HM51101 


*oTC511002P/J-10 


100 

45 

190 


330 


P-18 



*oTC51 1002P/J-12 

1,048,576X1 

120 

55 

220 

-5 

275 

5.5 

J-20 

HM51102 


Note: Package material P; Plastic C: Ceramic, a; Fast page mode parts 
o: Static Column parts □: Nibble mode parts 
*: Preliminary.These are target specifications and are subject to change without notice. 
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TOSHIBA 


3. STANDARD APPLICATION NMOS STATIC RAMS 


Capacity 

Type No. 

Organi- 

Access Time 

Cycle Time 

Power Supply 
(V) 

Power Dissipation Max (mW) 

Pins 

Package 

Alternate 

zation 

Max. (ns) 

Min. (ns) 

Active 

Standby 

Width (inch) 

Source 


TMM2015AP-90 


90 

90 


440 






TMM2015AP-10 


100 

100 








TMM2015AP-12 

2,048X8 

120 

120 

+5 

358 

38.5 

24 

0.3 

(HM6116AS) 


TMM2015AP-15 


150 

150 








TMM2015BP-90 


90 

90 








TMM2015BP-10 


100 

100 








TMM2015BP-12 

2,048X8 

120 

120 

+5 

275 

27.5 

24 

0.3 

(HM6116AS) 


TMM2015BP-15 


150 

150 







16K Bit 

TMM2016AP-90 


90 

90 


440 






TMM2016AP-10 


100 

100 








TMM2016AP-12 

2,048X8 

120 

120 

+5 

358 

38.5 

24 

0.6 

(HM6116) 


TMM2016AP-15 


150 

150 








TMM2016BP-90 


90 

90 








TMM2016BP-10 


100 

100 








TMM2016BP-12 

2,048X8 

120 

120 

+5 

275 

27.5 

24 

0.6 

(HM6116) 


rMM2016BP-15 


150 

150 








TMM2063P-10 


100 

100 








TMM2063P-12 

8,192X8 

120 

120 

+5 

440 

55 

28 

0.3 

(HM6264AS) 


TMM2063P-15 


150 

150 







64K Bit 

TMM2064P-70 


70 

70 








TMM2064P-10 


100 

100 








TMM2064P-12 

8,192X8 

120 

120 

+5 

440 

55 

28 

0.6 

(HM6264) 


TMM2064P-15 

_1 

150 

150 








Note; Package material P; Plastic 
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4. STANDARD APPLICATION CMOS STATIC RAM 


Capacity 

Type No. 

Organi- 

Access Time 

Cycle Time 

Power Suppiy 
(V) 

Power Dissipation Max (mW) 

Pins 

Alternate 

zation 

Max. (ns) 

Min. (ns) 

Active 

Standby 

Source 


TC5514AP-2 


200 

200 







TC5514AP-3 


300 

300 



0.11 



4K Bit 

TC5514APL-2 

1,024X4 


200 

+5 

27.5 

0.005 

18 

HM6514 


TC5514APL-3 



300 






TC5516AP/AF-2 


200 

200 







TC5516AP/AF 


250 

250 



0.165 




TC5516APL/AFL-2 

2,048X8 

200 

200 

+5 

302.5 


24 

— 


TC5516APL/AFL 


250 

250 



0.005 




TC5517AP/AF-2 


200 

200 







TC5517AP/AF 


250 

250 



0.165 




TC5517APL/AFL-2 

2,048X8 

200 

200 

+5 

302.5 


24 

(HM6116L) 


TC5517APL/AFL 


250 

250 



0.005 




TC5517BP/BF-20 


200 

200 







TC5517BP/BF-25 


250 

250 



0.165 




TC5517BPL/BFL-20 

2,048X8 

200 

200 

+5 

27.5 


24 

(HM6116L) 


TC5517BPL/BFL-25 


250 

250 



0.005 



16K Bit 

TC5518BP/BF-20 


200 

200 







TC5518BP/BF-25 


250 

250 



0.165 




TC5518BPL/BFL-20 

2,048X8 

200 

200 

+5 

27.5 


24 

(HM6117L) 


TC5518BPL/BFL-25 


250 

250 



0.005 




TC5517CP/CF-15 


150 

150 







TC5517CP/CF-20 


200 

200 



0.165 




TC5517CPL/CFL-15 

2,048X8 

150 

150 

+5 

27.5 


24 

(HM6116L) 


TC5517CPL/CFL-20 


200 

200 



0.005 




TC5518CP/CF-15 


150 

150 







TC5518CP/CF-20 


200 

200 



0.165 




TC5517CPL/CFL-15 

2,048X8 

150 

150 

+5 

27.5 


24 

(HM6117L) 


TC5518CPL/CFL-20 


200 

200 



0.005 




TC5564PL-15 


150 

150 







TC5564PL-20 


200 

200 







TC5564APL-12 

8,192X8 

120 

120 

+5 

27.5 

0.005 

28 

juPD4464C 


TC5564APL-15 


150 

150 






64K Bit 

TC5565PL/FL-12 


120 

120 







TC5565PL/FL-15 


150 

150 



0.55 




TC5565PL/FL-12L 

8,192X8 

120 

120 

+5 

27.5 

0.165 

28 

HM6264L 


TC5565PL/FL-15L 


150 

150 






*TC55257P-10 


100 

100 







*TC55257P-12 

32,768X8 

120 

120 

+5 

27.5 

5.5 

28 

— 

256K Bit 

*TC55257PL-10 



100 







*TC55257PL-12 

32,768X8 

120 

120 

+5 

27.5 

0.55 

28 

— 


Note: Package material P: Plastic F; Flat package 

*; Preliminary.These are target specifications and are subject to change without notice. 
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TOSHIBA 


5. HIGH SPEED NMOS STATIC RAMS 


Capacity 

Type No. 

Organi- 

Access Time 

Cycle Time 

Power Supply 
(V) 

Power Dissipation Max (mW) 

Pins 

Package 

Alternate 

zation 

Max. (ns) 

Min. (ns) 

Active 

Standby 

Width (inch) 

Source 


TMM2068D-35 


35 

35 


825 






TMM2068D-45 

4,096X4 

45 

45 

+5 

660 

110 

20 

0.3 

IMS1420 


TMM2068D-55 


55 

55 







TMM2078D-35 


35 

35 


825 





16K Bit 

TMM2078D-45 

4,096X4 

45 

45 

+5 

660 

110 

22 

0.3 



TMM2078D-55 


55 

55 







TMM2018D-35 


35 

35 








TMM2018D-45 

2,048X8 

45 

45 

+5 

825 

110 

24 

0.3 



TMM2018D-55 


55 

55 








6. HIGH SPEED CMOS STATIC RAMS 


Capacity 

Type No. 

Organi- 

Access Time 

Cycle Time 

Power Supply 
(V) 

Power Dissipation Max (mW) 

Pins 

Alternate 

zation 

Max, (ns) 

Min. (ns) 

Active 

Standby 

Source 


TC5561 P-55 


55 

55 







TC5561P-70 

65,536X1 

70 

70 

+5 

550 

0.55 

22 

— 

64K Bit 

TC5562P-45 


45 

45 







TC5562P-55 

65,536X1 

55 

55 

+5 

550 

11 

22 

HM6287 
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TOSHIBA 


7. NMOS EPROM 

Organi' Access Time Cycle Time Power Dissii 

Capacity Type No. Power Supply- 

zation Max. (ns) Min. (ns) (V) Active 

TMM2764AD-15 150 150 

TMM2764AD-20 200 200 

64KBit TMM2764AD-150 8,192X8 .|gQ .1^^ +5 525 

TMM2764AD-200 200 200 

TMM27128AD-15 150 150 

TMM27128AD-20 200 200 

128KBit Tfy|M27128AD-150 16,384X8 +5 525 

TMM27128AD-200 200 200 

TMM27256AD-15 150 150 

TMM27256AD-20 200 200 

256K Bit JMM27256AD-150 32,768X8 .|gg .|gg +5 525 

TMM27256AD-200 200 200 

TMM27512D-20 200 200 

TMM27512D-25 250 250 

512KBit TMM27512D-200 65,536X8 200 

TMM27512D-250 250 250 

Note; Package material D: Cerdip Dl type; Operating temperature range=-40°C'-85°C 


Type No. 

Organi¬ 

zation 

Access Time 

Max. (ns) 

TMM2764AD-15 


150 

TMM2764AD-20 


200 

TMM2764AD-150 

8,192X8 

150 

TMM2764AD-200 


200 

TMM27128AD-15 


150 

TMM27128AD-20 


200 

TMM27128AD-150 

16,384X8 

150 

TMM27128AD-200 


200 

TMM27256AD-15 


150 

TMM27256AD-20 


200 

TMM27256AD-150 

32,768X8 

150 

TMM27256AD-200 


200 

TMM27512D-20 


200 

TMM27512D-25 


250 

TMM27512D-200 

65,536X8 

200 

TMM27512D-250 


250 


Power Dissipa ion Max (mW) | 

Active 

Standby 

525 

131 

525 

131 

525 

131 

525 

131 


Alternate 

Source 


8. CMOS EPROM 


TC57256D-20 
256K Bit JC57256D-25 

Note: Package material D: Cerdip 


Access Time 

Max. (ns) 

Cycle Time 

Min. (ns) 

200 

200 

250 

250 


Power Supply 
(V) 


Power Dissipation Max (mW) 

Active 

Standby 

158 

0.525 


Alternate 

Source 


28 MBM27C256 


9. NMOS OTP 


64K Bit 

TMM2464AP/F 

8192X8 

200 

200 

+5 

525 

131 

28 

P2764 

128K Bit 

TMM24128AP/F 

16,384X8 

200 

200 

+5 

525 

131 

28 

P27128 

256K Bit 

TMM24256AP/F 

32,768X8 

200 

200 

+5 

525 

131 

28 

P27256 


Note; Package Material P: Plastic F; Flat Package 

10. CMOS OTP 

I 256K Bit 1 tC54256P/F I 32,768X8 I 200 


Note: Package Material P: Plastic F: Flat Package 




TOSHIBA 



11. NMOS Mask ROM 


Capacity 

Type No. 

Organi- 

Access Time 

Cycle Time 

Power Supply 
(V) 

Power Dissipation Max (mW) 

Pins 

Alternate 

zation 

Max. (ns) 

Min. (ns) 

Active 

Standby 

Source 


TMM2365P 


200 

200 


550 

138 


(i2764) 

64K Bit 

TMM2366P 

8,192X8 

200 

200 

+5 

550 

138 

El 

(TMS4764) 

128K Bit 

TMM23128P 

16,384X8 

200 

200 

+5 

440 

110 


(i27128) 

256K Bit 

TMM23256P 

32,768X8 

150 

230 

+5 

220 

55 

o 

(127256) 


Note: Package Material P; Plastic 


12. CMOS Mask ROM 


Capacity 

Type No. 

Organi- 

Access Time 

Cycle Time 

Power Supply 
(V) 

Power Dissipation Max (mW) 

Pins 

Alternate 

zation 

Max. (ns) 

Min. (ns) 

Active 

Standby 

Source 


TC5364P 



350 





(MK37000) 

64K Bit 

TC5365P/F 

8,192X8 

250 


-i-5 

39 

0.11 

28 

(12764) 


TC5366P 



250 




24 

(TMS4764) 

256K Bit 

TC53257P/F 

32,768X8 

200 

200 

-F5 

39 

0.11 

28 

(127256) 

1M Bit 

TC531000P 

131,072X8 

200 

200 

+5 

39 

0.11 

28 

- 


Note: Package material P: Plastic 


28 

















































TOSHIBA DYNAMIC RAM 


NMOS 


CMOS 


r-^ 

fi4K BIT 

n 



64KX1 


256K BIT 


256KX1 

_ 

1 





64KX4' 



TC511000P/J-10 

(100ns) 


TC511001 P/J-10 
(100ns) 


TC51 1002P/J-10 
(100ns) 


C; CERAMIC P: PLASTIC T: PLCC J: SOJ 



Preliminary 




















TOSHIBA STANDARD APPLICATION NMOS STATIC RAM 


H 

O 

cn 

X 

B 

> 



(70ns) (100ns) (120ns) (150ns) 

SOOmils wide 













TOSHIBA STANDARD APPLICATION CMOS STATIC RAM 




{70-85ns) 


{100ns) 


(120ns) 





















TOSHIBA HIGH SPEED STATIC RAM (25ns-70ns) 


HIGH SPEED 
STATIC 
RAMS 



(35ns) 




TMM2068D-45 


TMM2068D-55 


(55 ns) 


(45 ns) 


TMM2078D-45 


TMM2078D-55 


(45 ns) 


(55 ns) 

22 Pins, with OE 


TMM2018D-45 


TMM2018D-55 


(45 ns) 


(55 ns) 


TMM2089C-45 


(45 ns) 


0.55 mW Max 
(Standby) 


11 mW Max. 
(Standby) 


(45 ns) 


(55 ns) 


:Under Development 























TOSHIBA EPROM 



(200ns) (250ns) 



(200ns) 


(250ns) 


TOSHIBA 









TOSHIBA ONE TIME PROGRAMMABLE 




TMM2464AP/F 


TMM24128AP/F 


TMM24256AP/F 


TC54256P/F 













TOSHIBA MASK ROM 


I 

»A> 

u 

I 



1 M Bit 


128KX8 


TMM2365P 


(200ns) 


TMM2366P 


(200ns) 


TMM23128P 


(200ns) 


TMM23256P 


(150ns) 


H 

O 

0 ) 

z 

m 


TC5364P 


(250ns) 


TC5365P/F 


(250ns) 


TC5366P 


(250ns) 


TC53257P/F 


(200ns) 

-1 


TC531000P 




















Access Time (ns) 


TOSHIBA 


MEMORY SELECTION GUIDE (1) 


* Prelinninary 










TC5514AP-3 









TC5516AP 

TC5517AP 

TC5517BP-25 

TC5518BP-25 

TMM2764D 

TC5364P 

TC5365P 

TC5366P 


TMM27128D-25 

TC57256D-25 

•rC57256AD-25 

TMM27512D-25 

TMM27512D-250 


TC5514AP-20 

TC5516AP-2 

TC5517AP-2 

TC5517BP-20 

TC5518 BP-20 
TC5517CP-20 
TC5518CP-20 

TMM2764AD-20 

TMM2764AD-200 

TMM4164AP-20 

TC5564PL-20 

TMM2764D-2 

TMM2365P 

TMM2366P 

TMM2464AP 


TMM27128D-20 

TMM23128P 

TMM24128AP 

TMM27128AD-20 

TMM27128AD-200 

*TC57256AD-20 

TMM27256AD-20 

TMM41256C-20 

TMM27256D-20 

TC57256D-20 

TC53257P 

TMM27256AD-200 

*TC57256AD-200 

TMM24256AP 

TC54256P 

TMM27512D-20 

TMM27512D-200 

TC531000P 


TMM2015AP-12/15 

TMM2015BP-12/15 

TMM2016AP-12/15 

TMM2016BP-12/15 

TC5517CP-15 

TC5518CP-15 

TMM4164AP-15 

TMM2063P-12/15 

TMM2064P-12/15 

TC5564PL-15 

TC5564APU-12/15 

TC5565PL-12/15 

TMM2764D-15 

TMM2764AD-15 

TMM2764AD-150 


TMM27128D-15 

TMM27128AD-15 

TMM27128AD-150 

TMM41256P/T-12/15 

TMM41257P/T-12/15 

TMM41464P-12/15 

TC55257P-12 

TMM27256D-15 

TMM23256P 

TMM27256AD-15 

TMM27256AD-150 


TC511000P/J-12 
TC51001P/J-12 
TC511001P/J-12 
TC511001P/J 


TMM2015AP-90/10 

TMM2015BP-90/10 

TMM2016AP-90/10 

TMM2016BP-90/10 

TMM2063P-10 
TMM2064P-10 
TMM2064P-70 
TC5561 P-55/70 



TC55257P-10 


TC511000P/J-10 
TC511001P/J-10 
TC511002P/J-10 


TMM2018D-35/45/55 

TMM2068D-35/45/55 

TMM2078D-35/45/55 

TC5562P-45/55 

TMM2089C-35/45/55 






4KBit 16KBit '64KBit 72KBit 128KBit 256KBit 512KBit 1MBit 






TOSHIBA 


MEMORY SELECTION GUIDE (2) * Preliminary 


Memory 

Type 

Memory Capacity 

4K Bit 

16K Bit 

64K Bit 

72K Bit 

128K Bit 

256K Bit 

51 2K Bit 

1M Bit 


NMOS Dynamic RAM 



TMM4164AP 



TMM41256C/P 
TMM41257P7T 
TMM41464P/T 




CMOS Dynamic RAM 








TC511000P/J 
TC511001P/J 
TC511002P/J 

RAM 

NMOS Static RAM 


TMM2015AP 

TMM2015BP 

TMM2016AP 

TMM2016BP 

TMM2018D 

TMM2068D 

TMM2078D 

TMM2063P 

TMM2064 

TMM2089C 


TC55257P 




CMOS Static RAM 


TC5516AP/AF 

TC5517AP/AF 

TC5517BP/BF 

TC5518BP/BF 

TC5517CP/CF 

TC5518CP/CF 

TC5564PL 

TC5564APL/FL 

TC5563APL 

TC5565PLFL 

TC5565APL/AFL 

TC5561P 

TC5562P 



TC552.S7P 




NMOS EPROM 



TMM2764AD 

TMM2764D 

TMM2764DI 


TMM27128AD 

TMM27128D 

TMM27128DI 

TMM27256AD 

TMM27256D 

TMM27256Di 

TMM27512D 



CMOS EPROM 






TC57256D 



ROM 

NMOS Mask ROM 



TMM2365P 

TMM2366P 


TMM23128P 

TMM23256P 




CMOS Mask ROM 



TC5364P 

TC5365P/F 

TC5366P 



TC53257P/F 


TC531000P 


NMOS OTP 



TMM2464AP 


TMM24128AP 

TMM24256AP 




CMOS OTP 






TC54256P 
















TMM4164AP 

TC5561P 

TC5562P 


TIV1M41256C/P/T 

TMM41257P/T 


*TC511000P/J 
*TC511001P/J 
*TC511002P/J 



TMM2063P 

TMM2365P 

TMM2064P 

TMM2366P 

TMM2464P 

TMM2764AD 

TC5564PL 

TC5364P 

TC5565PL/FL 

TC5365P/F 

TMM2764D 

TC5366P 

TMM27128D 

TMM24128P 

TMM23128P 

TMM27128AD 

TC55257P 

TMM23256P 

TC54256P 

TMM27256AD 

TMM27256D 

TC53257P 

TC57256D 

T57256AD 

TMM24256P 


TMM27512D 

TC531000P 





































TOSHIBA BYTE-WIDE MEMORY PIN OUT (CURRENT AND FUTURE DEVICES) 


TC54256/TI\/IM24256 

TMM23256/TC53257 

TMM27512D 







2 b 

T- CD 

MROM 

TC531000 

^ t 

T- m 

__ 

EPROM 

TMM27512D 


MROM 

TMM23256/TC53257 

256K 

BIT 

OTP 

TC54256/TMM24256 

EPROM 

TC57256/TMM27256 


CRAM 

*TC55257 


MROM 

TMM23128 

ra b 
(N CD 

OTP 

TMM2412a 


EPROM 

TMM27128 

72K 

BIT 

H.S. SRAM 

TMM2089 


CRAM 

TC5564/65 


SRAM 

TMM2063/64 

64 K 
BIT 

MROM 

TMM2365/TC5365 


OTP 

TMM2464 


EPROM 

TMM2764 



TC5517 

h- 


TC5516/18 

^ m 

H.S. SRAM 

TMM2018 


SRAM 

TMM2015/16 


HIBA 


■nllHInn 























































































TOSHIBA 


4. 16K Bit Static RAM 
1) NMOS 


Organization 

2KX8 

4K X 4 

Package Width 

0,6 inch 

0.3 inch 

TOSHIBA 

TMM2016AP/BP 

TMM2015AP/BP 

TMM2018D 

TMM2068D 

Fujitsu 

MB8128 



MB8168 

Hitachi 

HM6116 

HM6116AS 


HM6168 

Inmos 




IMS1420/1421 

Mitsubishi 

M58725 



M5M2168 

Motorola 

MCM2128 


MCM2016/18H 

MCM6168/78 

NEC 

/1PD4016 

mPD4016CX 



Oki 

MSM2128 





2) CMOS 


Organization 

2K X 8 

TOSHIBA 

TC5516AP 

TC5517AP/BP/CP 

TC5518BP/CP 

Fujitsu 

MB8417 

MB8416 

MB8418 

Hitachi 


(HM6116) 

(HM6117) 

NEC 

fiPD447 

^iPD446 

mPD449 

Mitsubishi 

M5M5116 

M5M51 17 

M5M51 18 

Oki 

MSM5127 

MSM5128 

MSM5129 


5. 64K Bit Static RAM 


NMOS/CMOS 

NMOS 

CMOS 

Package Width 

0.3 inch 

0.6 inch 

0.3 inch 

TOSHIBA 

TMM2063P 

TMM2064P 

TC5564P 

TC5565P 

TC5562P 

Fujitsu 


MB8464 


MB8464 

HB81C71 

Hitachi 

HM6264AS 

HM6264 


HM6264 

HM6287 

Mitsubishi 


M5M5165 

M5M5164 

M5M5165 


NEC 


;uPD4364 

,iPD4464 

iiiPD4364 

mPD4361 

Oki 


MSM5165 

MSM5164 

MSM5165 


Inmos 





IMS1600 
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TOSHIBA 



CROSS REFERENCE 
1.64K Bit Dynamic RAM 


TOSHIBA 

TMM4164AP 

Fujitsu 

MB8264A 

Hitachi 

HM4864A 

Mitsubishi 

M5K4164AN 

Motorola 

MCM6665A 

NEC 

iLiPD4164 

Oki 

MSM3764A 

Tl 

TMS4164 


2. 256K Bit Dynamic RAM 


Organization 

256K X 1 (page mode) 

256K X 1 (nibble mode) 

64K X 4 (page mode) 

TOSHIBA 

TMM41256P/T 

TMM41257P/T 

TMM41464P 

Fujitsu 

MB81256 

MB81257 

MB81464 

Hitachi 

HM50256 

HM50257 

HM50464 

Mitsubishi 

M5M4256 

M5M4257 

M5M4464 

NEC 

ftPD41256 

/iPD41257 

^PD41464 

Oki 

MSM37256 

MSM37257 


Tl 

TMS4256 

TMS4257 

TMS4464 


3. IMBIT DYNAMIC RAM 


Organizatiom 

IMB X 1 (Fast page mode) 

IMB X 1 (Static column mode) 

IMB X 1 (Nibble mode) 

SUPPLIER 

PART # 


PART # 


PART # 

PROCESS 

TOSHIBA 

TC511000 

CMOS 

TC511002 

CMOS 

TC511001 

CMOS 

AT & T 

M411024XP 

CMOS 

- 

M411024XN 

CMOS 

FUJITSU 

MB811000 

NMOS 

7 

MB811001 

NMOS 

HITACHI 

HM51100 

CMOS 

HM51 102 

CMOS 

HM511 01 

CMOS 

MITSUBISHI 

? 

NMOS 

- 

? 

NEC 

^^PDA^ 1000 

NMOS 

- 

? 

PANASONIC 

MN41 1000 

NMOS 

- 

- 

SIEMENS 

? 

CMOS 

- 

- 

Tl 

7 

CMOS 

7 

7 


Note: ( ): \/pp=12.5V 


Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and 
Toshiba reserves the right at any time without notice, to change said circuitry. 

® Sept., 1985 Toshiba Corporation 
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TOSHIBA 


6. 64K/128K Bit EPROM/OTP/Mask ROM 


Organization 

8KX8 

16KX8 

EPROM/OTP/MROM 

EPROM 

OTP 

MROM 

EPROM 

OTP 

MROM 

Pins 

28 

28 

28 

24 

28 

28 

28 

TOSHIBA 

(TMM2764AD) 

(TMM2464AP) 

TMM2365P 

TC5364/65P 

TMM2366P 

TC5366P 

(TMM27128AD) 

(TMM24128AP) 

TMM23128P 

AMD 

Am2764 




Am27128 



Fujitsu 

MBM2764 



MB8364 

MBM27128 


- 

Hitachi 

HN482764 

HN482764 

HN61364 

HN48364 

HN4827128 

HN4827128 

HN43128 

Intel 

i2764 

(P2764A) 

i2364 


127128 

(P27128A) 

- 

Mitsubishi 

M5L2764 


M5M2364 

M58334 

M5L27128 



Mostek _ 



MK37000 

MK36000 




Motorola 

- 



MCM68364 




NEC 

/iPD2764 

//PD2764C 


mPD2364 

mPD27128 

j<.PD27218C 

mPD23128 

Oki 

MSM2764 


MSM3864 

MSM2965 

MSM27218 


MSM38218 

Tl 

- 



TMS4764 

_1 




7. 256K/512K/IMBIT EPROM/OTP/MROM 


Organization 

32KX8 

64KX8 

128KX8 

EPROM/OTP/MROM 

EPROM 

OTP 

MROM 

EPROM 

MROM 


NMOS 

CMOS 

NMOS 

CMOS 

NMOS 

CMOS 

NMOS 

CMOS 

TOSHIBA 

;TMM27256AD) 

TC57256D 

(TMM24256AP) 

(TMM54256P) 

TMM23256P 

TC53257P 

(TMM27512D) 

TC531000P 

AMD 

(Am27256) 








Fujitsu 

(MBM27256) 

MBM27C256 




MB83256 


MB831124 

Hitachi 

(HN27256) 

(HN27C256) 

HN4827256 



HN613256P 

(AM27512) 

HN62301 

Intel 

(127256) 

(1270256) 

(P27256A) 


- 


(127512) 

- 

Mitsubishi 

- 

- 






M5M231000 

NEC 

^rPD27256 

mPD27C256 

mPD27256C 

f4PD27C256C 

iuPD23256 

JHPD23C256 


f<PD231000 

Oki 

- 

- 



MSM38256 

MSM53256 


MSM531000 

RCA 

- 

- 




CDM53256 
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NMOS Dynamic Random Access Memories 







TOSHIBA MOS MEMORY PROOUCTS 


65,536 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM4164AP-12, TMM4164AP-15 
TMM4164AP-20 


DESCRIPTION 

The TMM4164AP is the high speed, low power 
dynamic RAM organized 65,536 words by 1 bit, it 
is successor to the industry standard TMM4164P. 

The TMM4164AP utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 

FEATURES 


Multiplexed address inputs permit the TMM4164AP 
to be packaged in a standard 16 pin plastic DIP. This 
packag.; size provides high system bit densit. and 
is compatible with widely available automated testing 
and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing capa¬ 
bility with high performance logic families such z 
Schottky TTL. 


• 65,536 words by 1 bit organization 

• Fast access time and cycle time 


DEVICE 

tRAC 

tCAC 

tRC 

TMM4164AP-12 

120 ns 

60 ns 

220 ns 

TMM4164AP-15 

150 ns 

75 ns 

260 ns 

TMM4164AP-20 

200 ns 

100 ns 

330 ns 


• Single power supply of 5V ± 10% with a built-in 


Vbb generator 

• Low power; 275mW operating (MAX.) 

22mW standby (MAX.) 

PIN CONNECTION (TOP view) 


NC C 
Pin n 
WRITE C 
RAS C 
Ao C 
Ai C 
Ai C 

Vcc C 




16 

15 

14 

13 

12 

11 

10 

9 


p Vss 
CAS 
Pout 
Ae 
As 

A4 

As 
A? 


PIN NAMES 


Aq ~ 

Address Inputs 

CAS 

Column Address Strobe 

D|N 

Data In 

NC 

No — Connection 

Pout 

Data Out 

RAS 

Row Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 


• Industry standard 16 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen¬ 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh and Page 
Mode capability 

• All inputs and output TTL compatible 

• 128 refresh cycles/2ms 


BLOCK DIAGRAM 


-o Vcc 


-o Vss 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

V|N, VouT 

-1 ~7 

V 

1 

Power Supply Voltage 

Vcc 

-1 ~7 

V 

1 

Operating Temperature 

Tqpr 

0~70 

°C 

1 

Storage Temperature 

Tstg 

-55 ~150 

°C 

1 

Soldering Temperature • Time 

TsOLDER 

260 ■ 10 

°C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMiNOED DC OI^ERATINQ CONDITIONS (Ta = 0 - 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

— 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

— 

0.8 

V 

2 


DC ELECTRICAL CmUlACTtR^ICS (Vcc =5V± 10%, Ta = 0 - 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP, 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling: tpc ) 

— 

— 

50 

mA 

3,4 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = V|H, Dqut ~ Impedance) 

— 

— 

4 

mA 


•CC3 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = V(h ; tpc “ ^RC MIN.) 

— 

— 

40 

mA 

3 

•CC4 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS = V|L. CAS Cycling: tpc = tpc MIN.) 

— 

— 

40 

mA 

3,4 

•l (U 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (OV ^ Vu^j ^ 6.5V, 

All Other Pins Not Under Test = OV) 

-10 

— 

10 

HA 


•o (L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV ^ Vqut — ‘•'^.BV) 

-10 

— 

10 

ma 


VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut ~ —5mA) 

2.4 

— 


V 


VqL 

OUTPUT LEVEL 

Output "L” Level Voltage (Iqut =4-2mA) 

_1 

— 

0.4 

V 
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PARAMETER 


Random Read or Write Cycle Time 


Read-Write Cycle Time 


Read-Modify-Write Cycle Time 


Page Mode Cycle Time 


Access Time from RAS 


Access Time from CAS 


Output Buffer Turn-Off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


TMM4164AP-12 TMM4164AP-15 TMM4164AP-20 



Column Addre ss Ho ld Time 
Referenced to RAS 


Read Command Set-Up Time 


Read Command Hold Time 


Write Command Hold Time 


Write Comman d Ho ld Time 
Referenced to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data-In Set-Up Time 


Data-In Hold Time 


Data-In Hold Time Referenced to RAS 


CAS Precharge Time (for Page 
Mode Cycle Only) 


Refresh Period 


Write Command Set-Up Time 


CAS to WRITE Delay 


RAS to WRITE Delay 
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TMM4164AP-12, TMM4164AP-1 
TMM4164AP-20 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 


RAS 


ADDRESSES 


WRITE 


“out 


D|N 

\//\ Don't Care 
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TMM4164AP-12, TMM4164AP-15 
TMM4164AP-20 


CAPACITANCE 

(Vcc=5V±10%, f=1MHz, Ta = 0~70“C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

C|, 

Input Capacitance (Ao ~ At , Dus^) 

— 

4 

5 

pF 

C|2 

Input Capacitance (RAS, CAS, WRITE) 

— 

8 

10 

pF 

Co 

Output Capacitance (Dout) 

— 

5 

7 

pF 


NOTES; 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss- 

3- IcCj . IcC 3 . lcC4 depend on cycle rate. 

4. Icci < ICC 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200iJS is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume tj = 5ns. 

7. V|H (min.) and V|l (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be¬ 
tween V|H and ViL- 

8. Assumes that tpcD = tpco (max.). If tpcD is greater than the maximum recommended value shown in this table, tpAC ''vill 
increase by the amount that tpco exceeds the value shown. 

9. Assumes that tpcD = tRco (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11 ■ tOFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Operation within the tpcQ (max.) limit insures that tRAC^max.)can be met. tpfcQ (max.) is specified as a reference point only: 

f RCD is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 

14. twcs- fcWD srid tRWD are not restrictive operating parameters. They are Included in the data sheet as electrical characteristics 
only. If twcs = fwcs (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle: 

II fcWD = fcWD (min.) and tRwo = f RWD (min.), the cycle is a read-write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter¬ 
minate. 


AMPLICATION INFOItMATiON 
ADDRESSING 

The 16 address bits required to.decode 1 of the 
65,536 cell locations within the TMM4164AP are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply¬ 
ing two negative going TTL-level clocks. _ 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip. The sec¬ 
ond clock, the Column Address Strobe (CAS), subse¬ 
quently latches the 8 colu mn a ddres s bit s into the 
chip. Each of these signals, RAS and CAS, triggers a 
sequence of events which are controlled by different 


delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurence of a 
delayed sig nal d erived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAn) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 
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TMWI4164AP-12, TMIVl4i64AP-15 
TMM4164AP-20 


DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D|n ) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, if the WRITE input is brou ght l ow (active) 
prior to CAS, the Pn is strobed by CAS and the set- 
up and hold times are re feren ced to CAS. If the input 
data is not available at CAS time or if it is desired 
that the cycle be a read-write cycle,the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up and hold t imes are re feren ced to the 
negative edge of WRITE rather than C AS. (T o illus¬ 
trate this feature. Dim is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "early write" cycle dia¬ 
gram shows D|n referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
thro ughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be 'available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Ebux) 
of the TMM4164AP is the high impedance (open cir¬ 


cuit) state. That is to say, anytime CAS is at a high 
level, the Dqut Pin vvill be floating. The only time 
the output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle . Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM4164AP al¬ 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobin g th e row address into the chip and 
maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address is 
common. This "Page-Mode" of operation will not 
dissipate the power associated with the negative going 
edge of RAS. Also, the'time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 row 
address (Aq A^) within each 2 millisecond time 
interval. Although any normal memory cycle will 
perform the refresh operati on, t his function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Ices specification. 


OUTLINE DRAWINGS 


16 15 14 13 12 11 10 9 

m r~ i_cn_ r~i r~ i r zi_ r~~ i n 





< 



lO 




H 



CJ~I_J—CO—!_) l_J CO—l_J LJ 
12 3 4 5 6 7 8 



Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 

to No. 1 and No. 16 leads. All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

© Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PROOUCTS 


262,144 WORD X 1 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 


TMM41256P/T-12 

TMM41256P/T-15 


DESCRIPTION 

The TMM41256P/T is the new generation dynamic RAM organized 262,144 words by 1 bit, it is successor to the 
industry standard TMM4164AP. The TMM41256P/T utilizes TOSHIBA’S N-channel Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TMM41256P/T to be packaged in a standard 16 pin plastic DIP and 18 pin plastic leaded chip 
carrier. The package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct interfacing 
capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 262,144 words by 1 bit organization 

• Fast access time and cycle time 


DEVICE 

tRAC 

tCAC 

tRC 

TMM41256P/T-12 

120ns 

60ns 

220ns 

TMM41256P/T-15 

150ns 

75ns 

260ns 


• Single power supply of 5V±10% with a built-in 

V 0 g generator 

• Low Power: 

330mW MAX. Operating (TMM41 256P/T-12) 
275mW MAX. Operating (TMM41 256P/T-15) 
28mW MAX. Standby 


• Output unlatched at cycle end allows two- 

dimensional chip selection 

• Common I/O capability using “EARLY WRITE” 

operation _ 

• Read-Modify-Write, RAS-only refresh. Hidden 

refresh, and Page Mode capability. 

• All inputs and output TTL compatible 

• 256 refresh cycles/4ms 

• Package 

Plastic DIP :TMM41256P 

Plastic Leaded Chip Carrier :TMM41256T 


PIN CONNECTION (TOP VIEW) 


Plastic LCC 


• Plastic DIP 


CASIT 

vssf 

A8l 1 
D|n C 2 


0(0 O (Y) ^ 
Q <c ^ <t 

nonnn 


A8 

D|N 


1615141312, 


O 


3 4 5 6 7 

iroupu 

m |w o o csi 
h- < 2 < < 


A5 
A7 
Vcc 

"llAI 


WR ITE d 3 
RAS d 4 
AO 
A2 
A1 

vcc 


C 5 

C 6 

C 7 


PIN NAMES 


'16 □ 
15 □ 
14 n 
13 b 

12 b 


00 

< 

o 

< 

Address Inputs 

CAS 

Column Address Strobe 

D|N 

Data In 

DoUT 

Data Out 

RAS 

Row Address Strobe 

WR ITE 

Read/Write Input 

Vcc 

Power (5V ) 

Vss 

Ground 


BLOCK DIAGRAM 


Vss 

Dour 

A6 
A3 
A4 
A5 
A7 


CAS o-H 



RAS 




No. 2 CLOCK 
GENERATOR 


ROW 

ADDRESS 
BUFFERS (9) 

-*- 


No. 1 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS (9) 


DATA IN 
BUFFER 


5 9 

O O 
QC O 


D|N 


O ^CC 

r, '^SS 


DATA OUT 
BUFFER 


Dqut 


COLUMN 

DECODER 


SENSE AMP H 
I/O GATING 


MEMORY 

ARRAY 
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TMJVI41^56P/T-12 
TMM4T256P/T-15 






PwP 

SMfi 


;:.v. 




ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

V|N. VquT 

-1~7 

V 

1 

Power Supply Voltage 


-1~7 

V 

1 

Operating Temperature 

topr 

0~70 

°c 

1 

Storage Temperature 

TsTG 

-55~150 

°c 

1 

Soldering Temperature • Time 

TsOLDER 

260 • 10 

"C • sec 

1 

Power Dissipation 

Pd 

1 

W 

1 

Short Circuit Output Current 

'out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 


6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

lcci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling: tRC=t|:)C MIN.) 

TMM41256P/T-12 


60 

mA 

3,4 

TMM41256P/T-15 


50 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS =CAS=V|h) 


5 

mA 


I CCS 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS=V|n: tpc ~^RC MIN.) 

TMM41256P/T-12 


45 

mA 

3 

TMM41256P/T-15 


40 

'CC4 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS=V|l, CAS Cycling: tpc=tpc MIN.) 

TMM41256P/T-12 


45 

mA 

3,4 

TMM41256P/T-15 


40 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV=V|n= 6.5V, All other pins not under test=OV) 

-10 

10 

mA 


'O(L) 

OUTPUT LEAKAGE CURRENT 
(DouT disabled, OV=VouT—+5-5V) 

-10 

10 

aA 


VOH 

OUTPUT LEVEL 

Output “H" Level Voltage (loUT’^^SmA) 

2.4 


V 


VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (louT=4-2mA) 


0.4 

V 
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TMM41256P/T-12 

TMM41256P/T-15 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

_ (VcC=5V±10%, Ta=0~70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TMM41256P/T-12 

TMM41256P/T-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

220 


260 


ns 


tRWC 

Read-Write Cycle Time 

240 


285 


ns 


‘rmw 

Read-Modity-Write Cycle Time 

260 


310 


ns 


tpc 

Page Mode Cycle Time 

120 


145 


ns 


<RAC 

Access Time from RAS 


120 


150 

ns 

8,10 

‘CAC 

Access Time from CAS 


60 


75 

ns 

9,10 

tOFF 

Output Buffer Turn-Off Delay 

0 

35 

0 

40 

ns 

11 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

6 

tRP 

RAS Precharge Time 

90 


100 


1 

ns 


tRAS 

R^ Pulse Width 

120 

10,000 

150 

1 0,000 

ns 


tRSH 

RAS Hold Time 

60 


75 


ns 


tCSH 

CAS Hold Time 

120 


150 


ns 


‘CAS 

CAS Pulse Width 

60 

10,000 

75 

10,000 

ns 


‘rcd 

RAS to CAS Delay Time 

25 

60 

25 

75 

ns 

13 

‘CRP 

CAS to RAS Precharge Time 

0 


0 


ns 


‘CPN 

CAS Precharge Time 

20 


25 


ns 


‘CP 

CAS Precharge Time (for Page Mode Cycle Only) 

50 


60 


ns 


‘ASR 

Row Address Set-Up Time 

0 


0 


ns 


‘RAH 

Row Address Hold Time 

15 


15 


ns 


‘asc 

Column Address Set-Up Time 

0 


0 


ns 


‘CAH 

Column Address Hold Time 

35 


45 


ns 

■SB 

‘AR 

Column Address Hold Time Referenced to RAS 

95 


120 


ns 


‘rcs 

Read Command Set-Up Time 

0 


0 


ns 


‘rch 

Read Command Hold Time Referenced to CAS 

0 


0 


ns 

12 

‘rrh 

Read Command Hold Time Referenced to RAS 

15 


20 


ns 

12 

‘WCH 

Write Command Hold Time 

35 


45 


ns 


‘WCR 

Write Command Hold Time Referenced to RAS 

95 


120 


ns 


‘WP 

Write Command Pulse Width 

35 


45 


ns 


‘rwl 

Write Command to RAS Lead Time 

35 

- 

45 


ns 


‘CWL 

Write Command to CAS Lead Time 

35 


45 


ns 


‘ds 

Data-In Set-Up Time 

0 


0 


ns 

14 

‘dh 

Data-In Hold Time 

35 


45 


ns 

14 

‘dhr 

Data-In Hold Time Referenced to RAS 

95 


120 


ns 


‘REF 

Refresh Period 


4 


4 

ms 


‘WCS 

Write Command Set-Up Time 

-10 


-10 


ns 

15 

‘CWD 

CAS to WRITE Delay 

40 


50 


ns 

15 

‘RWD 

RAS to WR ITE Delay 

100 


125 


ns 

15 
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TMM41256R/T-12 

TMM41256P/T-15 


CAPACITANCE (Vcc=5V±10%, f=1 MHz, Ta=0~70'“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

C|1 

Input Capacitance (A0~A8, D|m) 

- 

5 

PF 

C|2 

Input Capacitance (RAS, CAS, WR ITE) 

- 

7 

PF 

Co 

Output Capacitance (Dout) 

- 

7 

pF 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to VsS- 

3. ICC1. ICC3. ICC4. depend on cycle rate. 

4. ICC1> ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/as is required after power-up followed by any 8 RAS cycles before 
proper device operation is achieved. 

6. AC measurements assume tT=5ns. 

7. V|H(min.) and V|L(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between V|h and Vil- 

8. Assumes that tRCD^^RCD (max.). If tpcD is greater than the maximum recommended value 
shown in this table, tpAC will increase by the amount that tRCD exceeds the value shown. 

9. Assumes that tpcD^tRCD (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11- tOFF(max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either tpcH or tRRH must be satisfied for a read cycle. 

13. Operation within the tRCD(max.) limit insures that tRAC(max.) can be met. tRCD(max.) is 
specified as a reference point only: If tRCD is greater than the specified tRCD(max.) limit, then 
access time is controlled exclusively by tCAC- 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE 
leading edge in read-write or read-modify-write cycles. 

15. twcs. tcWD sod tRWD are not restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If twCS^fWCS(min.), the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tCWD^tcWD(min.) and tRV\/D^tRWD(min.), the cycle is a read-write cycle or read-modify-write 
cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
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TMM41256P/T-12 

TMM41256P/T-15 


TIMING Waveforms 

• READ CYCLE 



• WRITE CYCLE (EARLY WRITE) 


RAS 


CAS 


ADDRESSES 


WR ITE 


D|N 


DqUT 
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• READ-WRITE/READ-MODIFY-WRITE CYCLE 
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• “RAS-ONLY” REFRESH CYCLE 



Note: CAS=V||-|, WR lTE=Don’t Care, A8=Don’t Care \HII\ Don't Care 


• HIDDEN REFRESH CYCLE 



i///A Don't Care 














TMM41256P/T-12 

TMM41256P/T-15 


APPLICATION INFORMATION 

ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within the TMM41256P/T are 
multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits into the chip. The 
second clock, the Column Addr ess S trobe (CAS), subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
ope ration is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequenc e are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. This “gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUT/OUTPUT 


D ata t o be writte n into a selected cell is latched int o an on- chi p reg ister by a combination of WR IT E 
and CAS while RAS is active. The later of the signals (WR ITE or CAS) to make its negative transition is 
the strobe f or the Da ta In (D|n) register. This permits se veral options in the write cy cle tim ing. In a write 
cycle, if the WR ITE input is brought low (active) prior to CAS, the D|n is str obed by CAS and the set-up 
and hold times are referenced to CAS. If the inpu t data is not available at CAS tim e or if it is desired 
that the cycle be a read-write cycle, the WRITE signal will be delayed until after CAS has made its 
negative transition. In this “de layed write cycle ” the data input set-up and hold times are refer enced to 
the negative edge of WR ITE rather than CAS. (To illustrate this feature, D|n is referenced to WR ITE 
in the timing diagrams depicting the read-write and page mode write cycles while the “early write” cycle 
diagram shows D|n referenced to CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high 
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the 
selected cell will be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Outp ut (Dqut) of the TMM41256P/T is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a high level, the DoUT pin will be floating. The only time 
the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. 
Dqut win remain valid from access time until CAS is taken back to the inactive (high level) condition. 

PAGE MODE 

The “Page-Mode” feature of the TMM41256P/T allows for successive memory operations at multiple 
column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout 
all successive memory cycles in which the row address is common. The “Page Mode” of operation will 
not dissipate the power associated with the negative going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby decreasing the access and cycle times. 
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REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row address (A0~A7) within each 4 millisecond time interval. Although any no rmal memory cycl e will 
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, RAS 
only refresh results in a substantial reduction in operating power. This reduction in power is reflected in 
the Ices specification. 


HIDDEN REFRESH 

An optional feature of the TMM41256P/T is that refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by 
holdin g CAS at V|l and taking R AS h igh and after a specified precharge period (tRp), executing a 
“RAS-only” refresh cycle, but with CAS held low (see Figure below). 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





\ 



V / 






\ 

/~~~ 





/ 

VALID DATA 

V 


\ 

1 

_ r 



This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data availability. 
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TMM41256P/T-12 

TMM41256P/T-15 



OUTLINE DRAWINGS 

• Plastic Dip Unit in mm (inches) 


16 15 14 13 12 11 10 9 



Note; Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal 
position with respect to No.1 and No.16 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit 

patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 


262,144 WORD X 1 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 


TMM41257P/T-12 

TMM41257P/T-15 


DESCRIPTION 

The TMM41257P/T is the N-channel dynamic RAM organized 262,144 words by 1 bit. Multiplexed address inputs 
permit the TMM41257P/T to be packaged in a standard 16 pin plastic DIP and 18 pin plastic leaded chip carrier. The 
package size provides high system bit densities and is compatible with widely available automated testing and insertion 
equipment. The double layered MOS technology with polycide and poly Si permits the TMM41257P/T high speed 
operation. Also, the advanced circuit techniques have realized low power dissipation. System oriented features include 
single power supply of 5\/±10 % to lerance, direct interf acing capabi lity w ith high performance logic families such as 
schottky TTL. In addition to the RAS only refresh mode, a CAS before RAS automatic refresh is available. Another special 
feature of TMM41257P/T is nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 


FEATURES 


• 262,144 words by 1 bit organization 

• Fast access time and cycle time 



TMM41257P/T-12 

TMM41257P/T-15 

RAS Access Time 

120ns 

150ns 

CAS Access Time 

60ns 

75ns 

Cycle Time 

220ns 

260ns 

Nibble Mode 

Access Time 

30ns 

40ns 

Nibble Mode 

Cycle Time 

55ns 

70ns 


• Single power supply of 5V±10% with a built-in 
Vbb generator 


PIN CONNECTION (TOP VIEW) 


• Low Power: 

385mW MAX. Operating (TMM41257P/T-12) 
330mW MAX. Operating (TMM41257P/T-15) 
28mW MAX. Standby 

• Output unlatched at cycle end allows two- 

dimensional chip selection 

• Common I/O capability using “EARLY WRITE” 

operation _ _ _ 

• Read-Modify-Write, CAS before RAS refresh, RAS- 

only refresh. Hidden refresh, and Nibble Mode 
capability 

• All inputs and output TTL compatible 

• 256 refresh cycles/4ms 

• Package 

Plastic DIP 

Plastic Leaded Chip Carrier 


;TMM41257P 

•.TMM41257T 


• Plastic LCC 


• Plastic DIP 



CA SrflTl 16 151413 

vssT^ 

A8(1 
D|n^ 


3 4 5 6 7 

tiLn a u o 

1^ |W Q o C\J 

U < z < < 


'”1 



A5 

JA7 writeH 
^r^cc 

8pA1 


PIN NAMES 


CO 

< 

1 

o 

< 

Address Inputs 

CAS 

Column Address Strobe 

6>IN 

Data In 

6>0UT 

Data Out 

R^ 

Row Address Strobe 

WRITE 

Read/Write Input 

YCC 

Power (+5V) 

Vss 

Ground 


BLOCK DIAGRAM 

Vcc ^ss 


WR ITE O- 


CAS 


AO <>► 
A1 0»- 
A2 O*- 
A3 (>► 
A4 O*- 
A5 O*- 
A6 O*- 
A7 

A8 0*- 








RAS 




No. 2 CLOCK 
GENERATOR 


REFRESH 
COUNTER (8) 


ROW 

ADDRESS 
BUFFERS (9) 

. r - 


No. 1 OLOCK 
GENERATOR 


OOLUMN 
ADDRESS 
BUFFERS (9) 


REFRESH 

OONTROLLER 


D|N 


Dout 


DATA IN 


DATA OUT 

BUFFER 


BUFFER 


A8C. AsR 








5 S 
o o 
cr O 


256 


NIBBLE 

SELECTOR 


COLUMN 

DEOODER 


MEMORY 

ARRAY 


SENSE AMP 
I/O GATING 






1024 

:_ ] 

I 
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TMM41257P/T-12 

TMM41257P/T-15 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

V|N. VqUT 

-1~7 

V 

1 

Power S—’ly Voltage 

^CC 

-1~7 

V 

1 

Operating Temperature 

topr 

o 

o 

“C 

1 

Storage Temperature 

TsTG 

-55-150 

“C 

1 

Soldering Temperature ■ Time 

TSOLDER 

260 ■ 10 

°C ■ sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

'out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 


6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 


0^8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

'cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling: t(:)Q=tF)c MIN.) 

TMM41257P/T-12 


70 

mA 

3,4 

TMM41257P/T-15 


60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V|h) 


5 

mA 


'CCS 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=V||-|: t(:)( 3 =t(:)Q MIN.) 

TMM41257P/T-12 


60 

mA 

3 

TMM41257P/T-15 


50 

ICC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V|l, CAS Cycling; t(g(;;=tfv|Q MIN.) 

TMM41257P/T-12 


40 

mA 

3,4 

TMM41257P/T-15 


30 

ICC5 

CAS BEFORE MS REFRESH CURRENT _ 

Average Power Supply Current, CAS Before RAS Mode 
(RAS Cycling, CAS Before RAS; tRC=tRQ MIN.) 

TMM41257P/T-12 


60 

mA 

3 

TMM41257P7r-15 


50 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV^V|n^ 6.5V, All Other Pins Not Under Test=OV) 

-10 

10 

mA 


'O(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV^VouT=+5-5V) 

-10 

10 

aA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (loUT=^5mA) 

2.4 


V 


^OL 

OUTPUT LEVEL 

Output “L” Level Voltage (lQU7=4.2mA) 


0.4 

V 
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TMM41 257P/T-12 
TMM41257P/T-15 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0-70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TMM41257P/T-12 

TMM41257P/T-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

‘rc 

Random Read or Write Cycle Time 

220 


260 


ns 


tRWC 

Read-Write Cycle Time 

240 


285 


ns 


‘rmw 

Read-Modity-Write Cycle Time 

260 


310 


ns 


tRAC 

Access Time from RAS 


120 


150 

ns 

8,10 

tCAC 

Access Time from CAS 


60 


75 

ns 

9,10 

tOFF 

Output Buffer Turn-Off Delay 

5 

30 

5 

35 

ns 

11 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

7 

tRP 

RAS Precharge Time 

90 


100 


ns 


tRAS 

RAS Pulse Width 

120 

10,000 

150 

10,000 

ns 


tRSH 

RAS Hold Time 

60 


75 


ns 


‘CSH 

CAS Hold Time 

120 


150 


ns 


tCAS 

CAS Pulse Width 

60 

10,000 

75 

10,000 

ns 


tRCD 

RAS to CAS Delay Time 

25 

60 

25 

75 

ns 

13 

tCRP 

CAS to RAS Precharge Time 

10 


10 


ns 


tCPN 

CAS Precharge Time 

20 


25 


ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 


ns 


*RAH 

Row Address Hold Time 

15 

- 

15 

- 

ns 


tASC 

Column Address Set-Up Time 

0 


0 


ns 


tCAH 

Column Address Hold Time 

25 


30 


ns 


‘ar 

Column Address Hold Time Reference to RAS 

85 

- 

105 


ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 


ns 


tRCH 

Read Command Hold Time Reference to CAS 

0 

- 

0 


ns 

12 

tRRH 

Read Command Hold Time Reference to RAS 

15 


20 


ns 

12 

tWCH 

Write Command Hold Time 

25 

- 

30 


ns 


tWCR 

Write Command Hold Time Reference to RAS 

85 


105 

- 

ns 


twp 

Write Command Pulse Width 

25 


30 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

35 


45 

- 

ns 


tCWL 

Write Command to CAS Lead Time 

35 

- 

45 

- 

ns 


tDS 

Data-In Set-Up Time 

0 


0 

- 

ns 

14 

tDH 

Data-In Hold Time 

25 


30 

- 

ns 

14 

‘dhr 

Data-In Hold Time Reference to RAS 

85 


105 


ns 


<REF 

Refresh Period 


4 


4 

ms 


‘wcs 

Write Command Set-Up Time 

0 

- 

0 


ns 

15 

tCWD 

CAS to WRITE Delay 

40 

- 

50 


ns 

15 

‘rwd 

RAS to WRITE Delay 

100 


125 

- 

ns 

15 

<CSR 

CAS Set-Up Time (CAS before RAS) 

10 


10 


ns 


tCHR 

CAS Hold Time (C^ before R]^) 

30 


30 


ns 


tRPC 

RAS Precharge to CAS Active Time 

0 


0 


ns 


<CPT 

CAS Precharge Time (CAS before RAS Counter Test) 

50 


60 


ns 


'nc 

Nibble Mode Cycle Time 

55 


70 


ns 


‘ncac 

Nibble Mode Access Time 


30 


40 

ns 

10 

tNCAS 

Nibble Mode Pulse Width 

30 


40 


ns 


‘ncp 

Nibble Mode CAS Precharge Time 

15 


20 


ns 


'nrrsh 

Nibble Mode RAS Hold Time (Read) 

25 


30 


ns 


tNWRSH 

Nibble Mode RAS Hold Time (Write) 

45 


50 


ns 


‘ncwd 

Nibble Mode CAS to WRITE Delay Time 

30 


40 


ns 


^NCWL 

Nibble Mode WR ITE Command to CAS Read Time 

25 


30 


ns 
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TMM41257P/T-12 
TMM41257P/T-15 


CAPACITANCE (VcC"5V±10%. f=1MHz, Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

C|1 

Input Capacitance (Ao~A8, Dj^) 

- 

5 

PF 

Ci2 

Input Capacitance (RAS, CAS, WR ITE) 

- 

7 

PF 

Co 

Output Capacitance (Dout) 

- 

7 

pF 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to VsS- 

3. ICCI. ICC3> ICC4. ICC5 depend on cycle rate. 

4. ICC1. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/xs is required after power-up followed by any 8 RAS cycles before 
pr oper device operation is achieved. In case of using internal refresh counter, a minimum of 
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. \/|H(min.) and \/iL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between V|h and V|l. 

8. Assumes that tpcD^tRCD (max.). If tpcD is greater than the maximum recommended value 
shown in this table, tpAC will increase by the amount that tpcD exceeds the value shown. 

9. Assumes that tpcD^tRCD (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

‘i'l- tOFF(max.) defines the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

12. Either tpcH or tpRH must be satisfied for a read cycle. 

13. Operation within the tRCD(max.) limit insures that tRAC(max.) can be met. tRCD(max.) is 
specified as a reference point only; If tpcD 's greater than the specified tRCD(max.) limit, 
then access time is controlled exclusively by tCAC- 

14. These parameters are referenced to CAS leading edge in early write cycles and to WR ITE 
leading edge in read-write or read-modify-write cycles. 

15. twcS> tcWD and tpwD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twCS^fWCS(min.), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tcWD^fCWD(min.) and tpwD^tRWDfmin.), the cycle is a read-write cycle or read- 
modify-write cycle and the data out will contain data read from the selected cell; If neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 
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TIMING WAVEFORMS 
• READ CYCLE 



• WRITE CYCLE (EARLY WRITE) 


Don't Care 
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• RAS ONLY REFRESH CYCLE 
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TMM41257P/T-15 



— 77 — 







TMM41257P/T-12 

TIVIM41257P/T-15 


APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within the TMM41257P/T are 
multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row Address Strob e (RA S), latches the 9 row address bits into the chip. The 
second clock, the Column Addr ess S trobe (CAS ), subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
ope ration is done outside of the critical path timing sequence for read data access. The later even ts in 
the CAS clock sequenc e are inhibited until the o ccurr ence of a delayed signal derived from the RAS 
clock chain. This “gated CAS ” feature allows the CAS clock to be externally activated as soon as the 
Row address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be writt en into a se lected cell is latched into an on-chip r egister by a com bination of 
WRITE and CAS while RAS is active. The later of the signals (WRITE or CAS) to make 
its negative transition is the strobe for t he Data In (D|n) register. This permits sever al opt ions in the 
write cycle timin g. In a write cycle, if the WR ITE input is brough t low (active) prior to CAS, the D|n is 
str obed by CAS and the set-up and hold times are referenced to CAS. I f the inp ut data is not available 
at CAS ti me or if it is desired that the cycle be a read-write cycle, the WR ITE signal will be delayed 
until after CAS has made its negative transition. In this “del ayed write c ycle” the data input set-up and 
hold times are refere nced to t he negative edge of WR ITE rather than CAS. (To illustrate this feature, 
Din is referenced to WRITE in the timing diagrams depicting the re ad-w rite and nibble mode write 
cycles while the “early write” cycie diagram shows Din referenced to CAS). 

Data is retrieved from the memory in a read cycle by ma intain ing WRITE in the inactive or high 
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the 
selected cell will be available at the output within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Outp ut (Dqut) of the TMM41257P/T is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a high level, the DOUT P>n will be floating. The only time 
the output will turn on and contain either a l ogic 0 or logic 1 is at access time during a read cycle. 
DoUT will remain valid from access time until CAS is taken back to the inactive (high level) condition. 


NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. Th e firs t of 4 bit s is 
accessed in the usual manner with read data coming out at tcAC tifTio- By keeping RAS low, CAS can 
be cycled up and then down, to read or write the next three pages at a high data rate (faster than 
^CAC)- Bow and colu mn ad dresses need only be supplied for the first access of the cycles. From then 
on, the falling edge of CAS will activate the next bit. After four bits have been accessed, the next bit will 
be the same as the first bit accessed (wrap-around method). 




( 0 , 0 ) 


( 0 , 1 ) 


( 1 , 0 ) 


( 1 . 1 ) 


Pin one (As) determines the starting point of the circular 4 bits nibble. Row As and column As provide 
the two binary bits needed to select one of four bits. From then on, successive bits come out in a binary 
fashion; 00 01 10 11 with As row being the least significant address. 

A nibble cycle can be a read, write, or late write cycle. Any combinations of reads a nd w rites or late 
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row address (Ao~A 7 ) within each 4 millisecond time interval. Although any no rmal memory cycl e will 
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, RAS 
only refresh results is a substantial reduction in operating power. This reduction in power is reflected in 
the Ices specification. 
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TMM41257P 
TMM41257P/T-1 

BEFORE Ms REFRESH 

C AS before RAS refreshing available on the TMM41 257P /T offers an alternate refresh method. If 
CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operati on is perfor med, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TMM41257P/T is that refresh cycles may be performed while maintaining 
valid da ta at the output pin. This i s referred to as Hidden Refresh. Hidden Refresh is performe d by 
holding CAS at V|l and taking RAS high and after a specified precharge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 


MEMORY CYCLE 


REFRESH CYCLE 


REFRESH CYCLE 




dout-open 


This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data 
availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh operation of TMM41257P/T can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as 

row address and the input address as column addr ess. _ 

The test is performed after a minimum of 8 CAS before RAS cycles as intialization cycles. The test 
procedure is as follows. 


(1) Write “0" into all the memory cells at 
normal write mode. 

(2) Select one certain column address and 
read “0” out and write “1” in each cell by 
performing CAS BEFORE RAS REFRESH 
COUNTER TEST (READ-WRITE CYCLE). 
Repeat this operation 256 times. 

(3) Check “1” out of 256 bits at normal read 
mode, which was written at (2). 

(4) Using the same column as (2), read “1” 
out and write “0” in each cell performing 
C^ BEFORE R^ REFRESH COUNTER 
TEST. Repeat this operation 256 times. 

(5) Check “0” out of 256 bits at normal read 
mode, which was written at (4). 

(6) Perform the above (1) to (5) with the 
complement data. 
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• Plastic Dip 


Unit in mm (inches) 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal 

position with respect to No.1 and No.16 leads. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit 

patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 
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TOSHIBA MOS MEMORY PROOUCTS 


65,536 WORD X 4 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 


TMM41464P-12 

TMM41464P-15 


DESCRIPTION 

The TMM41464P is the new generation dynamic 
RAM organized 65,536 word by 4 bit, it is succes¬ 
sor to the industry standard TMfy141 64AP. 

The TMM41464P utilizes TOSHIBA'S N-channel/ 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating mar¬ 
gins, both internally and to the system user. 

Multiplexed address inputs permit the TMM 


41464P to be packageo in a standard 1 8 pin plastic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing 
capability with high performance logic families such 
as schottky TTL. 



• 65,536 words by 4 bit organization 

• Fast access Time and cycle time 


DEVICE 

tRAC 

tCAC 

tRC 

TMIVI41464P-12 

120ns 

60ns 

220ns 

TMM41464P-15 

150ns 

75ns 

260ns 


• Single power supply of 5V±10% with a built-in 
Vbb generator 

• Low power: 

385mW Operating (MAX.) (TMM41464-12) 




IBl^SS 
1’’' ]l/04 
16 JCAS 
15 11/03 
14 lAO 
13 JAl 
12 1a2 
11 1A3 
10 1a7 



> 

o 

1 

> 

Address Inputs 

CAS 

Column Address Strobe 

O 

T 

6 

Data Input/Output 

PAS' 

Row Address Strobe 

WRITE 

Read/Write Input 


Output Enable 

Vcc 

Power (-f-5V) 

Vss 

Ground 


330mW Operating (MAX.) (TMM41464-1 5) 
28mW Standby (MAX.) 

• Industory standard 18 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen¬ 
sional chip selection _ 

• Read-M odify -Write, RA S only refresh,Hidden 
refresh, CAS before RAS refresh, and Page Mode 
capability. 

• All inputs and outputs TTL compatible 

• 256 refresh cycles/4ms 

Stock blAOIlAM 


1/02 1/04 

1/01 1/03 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 


UNITS 

NOTES 

Input and Output Voltage 

ViN, VoUT 


V 

1 

Power Supply Voltage 

Vcc 

-,-7 

V 

1 

Operating Temperature 

Topr 

o 

r-v 

1 

o 

"C 

1 

Storage Temperature 

Tstg 

-55-150 

"C 

1 

Soldering Temperature-Time 

Tsolder 

260-10 

°C-sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

loUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


;:|^'EL|GTRliip:|||Si^ (Vcc=5V±10%, Ta = 0~70'C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 



Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling : tRc = tRc MIN.) 

TMM41464P-12 

- 

70 

mA 

3,4 

TMM41464P-15 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CA^=Vih) 

- 

5 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vih : tRc^tpc MIN.) 

TMM41464P-12 

- 

60 

mA 

3 

TMM41464P-15 

- 

50 

ICC4 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS = Vil, CAS Cycling : tpc=tpc MIN.) 

TMM41464P-12 

- 

60 

mA 

3,4 

TMM41464P-1 5 

- 

50 

ICC5 

C^BEFORE R)^REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS Mode 
(RAS Cycling, CAS Before RAS : tRc=tRc MIN.) 

TMM41464P-12 

- 

60 

mA 

3 

TMM41464P-15 

- 

50 

ll(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0 V^Vin^ 6.5V, All Other Pins Not Under Test 
=0V) 

-10 

10 

//A 


l0(U 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV^Vout^+ 5.5V) 

-10 

10 

//A 


VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (louT=-5mA) 

2.4 


V 


VoL 

OUTPUT LEVEL 

Output ”L" Level Voltage (louT=4.2mA) 


0.4 

V 
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ELECTRICAL CHARACTERISTICS 1^0 REddMMENplQ AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70"C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TMM41464P-12 

TMM41464P-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 


- 


- 

ns 


tRMW 

Read-Modify-Write Cycle Time 


- 

355 

- 

ns 


tPC 

Page Mode Cycle Time 


- 

145 

- 

ns 


tRAC 

Access Time from RAS 

- 

120 

- 

1 50 

ns 


tCAC 

Access Time from CAS 

- 

60 

- 

75 

ns 


tOFF 

Output Buffer Turn-Off Delay 

0 

35 

0 

40 

ns 

11 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

7 

tRP 

RAS Precharge Time 


- 

■^9 

- 

ns 


tRAS 

RAS Pulse Width 

■^1 

10,000 


10,000 

ns 


tRSH 

RAS Hold Time 


- 

75 

- 

ns 


tcSH 

CAS Hold Time 


- 


- 

ns 


tCAS 

CAS Pulse Width 

60 


75 

10,000 

ns 


tRCO 

RAS to CAS Delay Time 

25 

60 

25 

75 

ns 

13 

tCRP 

CAS to RAS Precharge Time 

10 

- 

10 

- 

ns 


tCPN 

CAS Precharge Time 

20 

- 

25 

- 

ns 


tCP 

CAS Precharge Time (for Page Mode Cycle Only) 

50 

- 

60 

- 

ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 


ns 


tRAH 

Row Address Hold Time 

15 

- 

15 


ns 


tASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


tCAH 

Column Address Hold Time 


- 

35 

- 

ns 


tAR 

Column Address Hold Time Reference to RAS 

85 

- 

110 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time Reference to CAS 

0 

- 

0 

- 

ns 

12 

tRRH 

Read Command Hold Time Reference to RAS 

15 

- 

20 

- 

ns 

12 

twCH 

Write Command Hold Time 

35 

- 

45 

- 

ns 


twCR 

Write Command Hold Time Reference to RAS 

95 

- 

120 

- 

ns 


tWP 

Write Command Pulse Width 


- 

45 

- 

ns 


tRWL 

Write Command to RAS Lead Time 


- 


- 

ns 



Write Command to CAS Lead Time 


- 

45 

- 

ns 


tDS 

Data-In Set-Up Time 

0 

- 

0 

- 

ns 

14 

tOH 

Data-In Hold Time 

35 

- 

45 

- 

ns 


tOHR 

Data-In Hold Time Reference to RAS 

95 

- 

120 

- 

ns 


tREF 

Refresh Period 

- 

4 

- 

4 



twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 


tCWD 

CAS to WRITE Delay 

100 

- 

120 

- 

ns 


tRWD 

RAS to WRITE Delay 

160 

- 

195 

- 

ns 


tOEA 

OE Access time 

- 

30 

- 

40 

ns 


tOED 

OE to. Data Delay 


- 

40 

- 

ns 


tOEZ 

Output Buffer Turn-Off Delay Time from OE 

0 

30 

0 

40 

ns 

■■m 

tOEH 

OE Command Hold Time 


- 

40 

- 

ns 
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SYMBOL 

PARAMETER 

TMM41464P-12 

TMM41464P-15. 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tCHR 

CAS Hold Time for CAS Before RAS Refresh 

30 

- 

30 

- 

ns 


tCSR 

CAS Set-Up Time for CAS Before RAS Refresh 

10 

- 

10 

- 

ns 


tRPC 

CAS Precharge to CAS Active Time 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time for CAS Before RAS Counter 

Test 

50 

- 

60 

- 

ns 



CAPACITANCE (Vcc = 5V±10%, f=1MHz. Ta = 0~70"C) 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

Cn 

Input Capacitance (Ao-A?) 

- 

5 

PF 

Cl2 

Input Capacitance (RAS, CAS, WRITE, OE) 

- 

7 

PF 

Co 

Input/Output Capacitance (1/01 —1/04) 

- 

7 

pF 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are refrenced to Vss. 

3. Icci, Icc3, Icc4, Icc5 depend on cycle rate. 

4. Icci, Icc4 depend on output loading. Specified values are obtained wit h the output open. 

5. An initial pause of 200/<s is required after power-up followed by any 8 CAS cycles befo re proper device operation 
is ac hieve d. In case of using internal refresh counter, a minimun of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycle are required. 

6. AC measurements assume tr =5ns. 

7. ViH(min.) and ViUmax.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Assumes that tRco^tRco (max.). If tRco is greater than the maximum recommended value shown in this table, tRAc 
will increase by the amount that tRco exceeds the value shown. 

9 . Assumes that tRCD^tRCD (max.). 

10. Measured with a load equivalent to 2 TLL loads and lOOpF. 

11. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. Operation within the taco (max.) limit insures that tRAc (max.) can be met. 

tRCD (max.) is specified as a reference point only: If taco is greater than the specified taco (max.) limit, then access 
time is controlled exclusively by tcAC._ _ 

14. These paramenters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write 
or read-modify-write cycles. 

15. twcs, tcwD and tawo are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twcs^twcs (min.), the cycle is an early write cycle and the input/output pin will remain open 
circuits (high impedance) throughout the entire cycle; If tcwo^tcwo (min.) and tRWD^tRWD(min.), the cycle is a read 
-write cycle or read-modify-write cycle and the data out will contain data read from the selected cell. 





























CAS 


A0~A7 


WRITE 


OE 


I/01~l/04 
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• PAGE MODE READ CYCLE 
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• RAS ONLY REFRESH CYCLE 





Notes: WRITE, OE=Don't Care 


Don t Cat o 


• CAS BEFORE RAS REFRESH CYCLE 


I/O 1~ 1/04 

VoL 



Note: WRITE, OE, AOA7=Don't Care 
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• HIDDEN REFRESH CYCLE 

















• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


1 / 01 - 1 / 04 . 


ViH - 


ViL — 

READ CYCLE 

_ ^IH — 
IE 

ViL - 

_ ViH - 
DE 

ViL - 
VOH - 



1 / 01 - 1 / 04 : 


WRITE CYCLE 

_ ^in -n 

FE // 

ViL -X 

_ ViH - 7 

DE A 

ViL - 1 

ViH - 



- 



■ 


_ I ^OEZ 

VALID DATA-OUT 


.^DS[ I tpH 

c- 

VALID DATA-IN 



1 / 01 — 1 / 04 : 


READ-WRITE/READ-MODIFY-WRITE CYCLE 


ViL - 

ViH - 
ViL - 

^1/OH - 

Vl/OL - 


^RWL 


mmmm 


i J'OED, 

^OEZ ^DS ^DI 


VALID 

data-in 


Don t Care 


VALID DATA-OUT 
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APPUCATION INFORMATHJM ” : 

ADDRESSING 

The 1 6 address bits required to decode 1 of the 
65,536 cell locations within the TMM41464P are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply¬ 
ing two negative going TTL-level clocks. _ 

The first clock, the Row Address Strobe (RAS ), 
latches the 8 row address bits into the chi p. T he 
second clock, the Column Address Strobe (CAS) , 
subsequently latches the 8 column addr ess bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurrence of 
a delayed si gnal derived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row 
address to Column address information. 

Data Inputs 

Data is written during write or read-modify-write 

cycle. _ _ 

The falling edge of CAS or WRITE strobes data into 
the on-chip data latch es. 

In an early-write cycle, WRITE is broug ht low prior to 
CAS and the data is strobed in by CAS with setup and 
hold times referenced to this sign al. In delayed write 
or read-modify-write cycle, CAS w ill alrea dy be low, 
thus the data will be strobed in by WRITE with setup 
and hold time referenced to this signal. 

In delayed or read-modify-write, OE must be high to 
bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 

Data outputs 

The three-state output buffers provide direct TTL 
compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-i n. Th e 
outputs are in the high-impedance state until CAS is 
brought low. In a read cycle the outputs go active 
after the access time interval tRAC and toEA are satis¬ 
fied. 

The outputs become valid after the a ccess time 
has elapsed and remain valid while CAS and OE are 


low. CAS or OE going high returns it to a high 
impedance state. In an early-write cycle, the outputs 
are always in the high-impedance state. In a delayed 
-write or read-modify-write cycle, the outputs will 
follow the sequence for the read cycle. 

The OE controls the impedance of the output 
buffers. In the logic high position the buffers will 
remain in a h igh impedance state 

When the OE input is brought to a log ic low level, 
the output buffers are enabled.Both CAS and OE can 
contro l the outputs. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the 
high impedance state. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accom¬ 
plished by performing a memory cycle at each of the 
256 row address (Ao-Ay) within each 4 millisecond 
time interval. Although any normal memory cycle vvill 
perform the refresh operati on, t his function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Ices specification. 


CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TMM41464P offers an alternate refresh method. If 
CAS is held on low for the specified period (tesR) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh 
address counter is auto matic ally inc reme nted in 
preparation for the next CAS before RAS refresh 
operation . 

PAGE MODE 

The "Page-Mode" feature of the TMM41464P 
allows for successive memory operations at multiple 
column locations of the same row address with in¬ 
creased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address 
is common. This "Page-Mode” of operation will not 
dissipate the power associated with the negative 
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refresh cycle may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refre sh. Hidden Refr esh is performed by 
holding CAS at Vil and taking RAS high and af ter a 
specifi ed pr echarge period (tap), executing a CAS 
before RAS refresh cycle, (see Figure below) 


going edge of RAS. Also, the time required for 
strobing in a new address is eliminated, thereby 
decreasing the access and cycle times. 


HIDDEN REFRESH 

An optional feature of the TMM41464P is that 


MBMORY CYCLE 


REFRESH CYCLE 


REFRESH CYCLE 



This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data availa¬ 
bility. 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refr esh o peration o f TM M41464P 
can be teked by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE 
operation taking the internal counter address as row 
address and the input address as column addr ess. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write "0" into all the memory cells at normal write 
mode. 

(2) Select one certain column address and read "0" 
out and write "1' in each cell by performing CAS 


BEFORE RAS REFRESH COUNTER TEST (READ- 
WRITE CYCLE). 

Repeat this operation 256 times. 

(3) Check "1" out of 256 bits at normal read mode, 
which was written at @ . 

@ Using the same column as (2), rea d * 1 * out and 
write *0" in each cell performing CAS BEFORE 
RAS REFRESH COUNTER TEST. Repeat this 
operation 256 times. 

(S) Check’O" out of 256 bits at normal read mode, 
which was written at (3). 

(D Perform the above © to (g) to the complement 
data. 
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TMM41464P-12 

TMM41464P-15 





NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 18 leads. Alldimensions are in millimeters. 











TMM41464P-12 
TMM41464P-i 5 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

^fAug., 1985 Toshiba Corporation 
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CMOS Dynamic Random Access Memories 






TOSHIBA MOS MEMORY PRODUCTS 


1,048,576 WORDS X 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

* This is advanced information and specifications 
are subject to change without notice. 


TC511000P/J-10 

TC511000P/J-12 


DESCRIPTION 

The TC5110OOP/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC5110OOP/J utilizes 
TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. Multiplexed address inputs permit the TC511000P/J to be packaged in a 
standard 18 pin plastic DIP and 20 pin plastic SOJ. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 words by 1 bit organization 

• Fast access time and cycle time 



TC5110OOP/J-10 

TC511000P/J-12 

tRAC 

RAS Access 

Time 

1 00ns 

120ns 

tAA 

Column 

Address 

Access Time 

50ns 

60ns 

ICAC 

CAS Access 

Time 

35ns 

45ns 

tRC 

Cycle Time 

190ns 

220ns 

ipc 

Fast Page 

Mode Cycle 

55ns 

70ns 

Time 




• Single power supply of 5V+10% with a built-in 
Vbb generator 

• Low Power 

330mW MAX. Operating (TC5110OOP/J-10) 
275mW MAX. Operating (TC5110OOP/J-1 2) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY WRITE" 

operation _ _ 

• Read-Mo dify-W rite, CAS before RAS 
refresh, RAS-only refresh. Hidden refresh, 
and Fast Page Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC511000P 

Plastic SOJ: TC511000J 


PIN CONNECTION (TOP VIEW) 

• Plastic SOJ • Plastic DIP 


P|N 


WR ITE C 
RAS C 
N.C. C 
N.C. C 


B Vss 
5Q1JT 
P CAS 
P N.C. 

P A9 


AO C 6 
A1 c 7 
A2 c8 
A3 ^ 9 

'^cc q.10 


3 A8 
3 A7 
3 A6 
3 A5 
A4 


D|N C 
WR ITE C 
RAS C 
N.&C 
AO C 
A1 C 
A2 C 
A3c 
VCC C 


] Vs; 
] ca; 

] A9 
3 A8 
3 A7 
] A6 
d A5 
J A4 


PIN NAMES 


A0-A9 

Address Inputs 

RAS 

Row Address Strobe 

D|N 

Data In 

Dqut 

Data Out 

C^ 

Column Address Strobe 

WR ITE 

Read/Write Input 

Vcc 

Power (+5\/) 

vss 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

Input Voltage 

ViN 

-1~7 

Output Voltage 

'^OUT 

-1~7 

Power Supply Voltage 

vcc 

-1~7 

Operating Temperature 

Topr 

o 1 

1 

? ' 

O 1 

Storage Temperature 

Tstg 

-55-150 

Soldering Temperature ■ Time 

TSOLDER 

260-10 

Power Dissipation 

Pd 

600 

Short Circuit Output Current 

'out 

50 


RECOMMENDED DC OPERATING CONDITIONS {Ta=0~70°C) 


SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

V|H 

Input High Voltage 

V|L 

Input Low Voltage 




DC ELECTRICAL CHARACTERISTICS {VcC=5V±10%, Ta=0' 


SYMBOL 

PARAMETER 

'cci 

OPERATING CURRENT 

TC511000P/J-10 

(RAS, CAS, Address Cycling: 

TC51 1000P/J-12 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V|h) 

'CCS 

RAS ONLY REFRESH CURRENT_ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=V|f,^: tRC=tpQ MIN.) 

TC51 1000P/J-10 

TC511000P/J-12 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=V||_, CAS, Address Cycling; tpc=1pc 

TC511000P/J-10 

TC511000P/J-12 

'CC5 

STANDBY CURRENT 

Power Supply Standby Current 
{RAS=CAS=Vcc-0.2V) 

ICC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling; tpc^^tRC MIN.) 

TC511000P/J-10 

TC511000P/J-12 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV g V||vj ^ 6.5V, All 

Other Pins Not Under Test=OV) 

'O(L) 

OUTPUT LEAKAGE CURRENT 
(DouT 1® disabled, OV S VquT = Mcc) 

'/oh 

OUTPUT LEVEL 

Output “H” Level Voltage (lo(jj=-5mA) 

VOL 

OUTPUT LEVEL 

Output “L” Level Voltage (IquT =4.2mA) 







































































































TC511000P/J-10 
TC5110OOP/J-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

{VcC=5V±10%, Ta=0~70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC511000P/J-10 

TC511000P/J-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

‘rc 

Random Read or Write Cycle Time 

190 


220 


ns 


tRWC 

Read-Write Cycle Time 

220 


255 


ns 


tpc 

Fast Page Mode Cycle Time 

55 


70 


ns 


‘PRWC 

Fast Page Mode Read-Write Cycle Time 

85 


105 




tRAC 

Access Time from RAS 


100 


120 

ns 

8,13 

tCAC 

Access Time from CAS 


35 


45 

ns 

8,13 

*AA 

Access Time from Column Address 


50 


60 

ns 

8,14 

tCPA 

Access Time from CAS Precharge 


50 


65 

ns 

8 

tCLZ 

CAS to Output in Low-Z 

5 


5 


ns 

8 

‘OFF 

Output Buffer Turn-Off Delay 

0 

30 

0 

35 

ns 

9 

‘T 

Transition Time (Rise and Fall) 

3 

50 


50 

ns 

7 

‘RP 

RAS Precharge Time 

80 


90 


ns 


‘ras 

RAS Pulse Width 

100 

10,000 

120 


ns 


‘rasp 

RAS Pulse Width (Fast page mode) 

100 

100,000 

120 

100,000 

ns 


‘rsh 

RAS Hold Time 

35 


45 


ns 


‘CSH 

CAS Hold Time 

100 


120 


ns 


‘CAS 

CAS Pulse Width 

35 


45 


ns 


‘rcd 

RAS to CAS Delay Time 

25 

65 

25 

75 

ns 

13 

‘rad 

RAS to Column Address Delay Time 

20 

50 

20 

60 

ns 

14 

‘CRP 

CAS to RAS Precharge Time 

10 


10 


ns 


‘CP 

CAS Precharge Time (Fast Page Mode) 

10 


15 


ns 


‘asr 

— 

Row Address Set-Up Time 

0 


0 


ns 

_ 


‘rah 

Row Address Hold Time 

15 


15 


ns 


‘asc 

Column Address Set-Up Time 

0 


0 


ns 


‘CAH 

Column Address Hold Time 

20 


25 


ns 


‘ar 

Column Address Hold Time referenced to RAS 

75 


90 


ns 


‘ral 

Column Address to RAS Lead Time 

50 


60 


ns 


‘rcs 

Read Command Set-Up Time 

0 


0 


ns 


‘rch 

Read Command Hold Time 

0 


0 


ns 

10 

‘rrh 

Read Command Hold Time referenced to RAS 

0 


0 


ns 

_ 

10 
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TC5110OOP/^-10 
TC5110OOP/J-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC511000P/J-10 


UNITS 

NOTES 

MIN. 

MAX. 



tWCH 

Write Command Hold Time 

20 


25 


ns 


*WCR 

Write Command Hold Time referenced to RAS 

75 


90 


ns 


twp 

Write Command Pulse Width 

20 


25 


ns 


tRWL 

Write Command to RAS Lead Time 

25 


30 


ns 


tCWL 

Write Command to CAS Lead Time 

25 


30 




'ds 

Data Set-Up Time 

0 


0 



11 


Data Hold Time 

20 


25 


ns 

11 


Data Hold Time referenced to RAS 

75 


90 

wm 

ns 


*REF 

Refresh Period 







‘wcs 

Write Command Set-Up Time 

0 


0 



12 

'CWD 

CAS to WR ITE Delay Time 

35 


45 



12 

tRWD 

RAS to WR ITE Delay Time 

100 




ns 

12 

tAWD 

Column Address to WR ITE Delay Time 

50 


60 


ns 

12 

*CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

10 


10 


ns 


‘CHR 

CAS Hold Time (CAS before RAS Cycle) 

30 


30 


ns 


‘RPC 

RAS to CAS Precharge Time 

0 


0 


ns 


‘CPT 

CAS Precharge Time (CAS before RAS Counter 

Test Cycle) 

50 


60 


ns 


‘CPN 

CAS Precharge Time 

15 


20 


ns 



CAPACITANCE (VcC=5V±10%, f=1MHz, Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C|1 

Input Capacitance (Ao~Ag, D|m) 


5 

pF 

C|2 

Input Capacitance (RAS, CAS, WR ITE) 


7 

PF 

Cq 

Output Capacitance (Dqut) 


7 

pF 
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TC5110OOP/J-10 
TC511000P/J-12 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All Voltages are referenced to Vss- 

3. ICC1. ICC3. ICC4, ICC6 depend on cycle rate. 

4. ICC1> ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/as is required after power-up followed by any 8 RAS cycles before 
pr oper device opera tion is achieved. In case of usin g inte rnal refresh counter, a minimum of 
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. V|H(min.) and Vii_(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between V|h and V|l. 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9- tOFF(aiax.) defines the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

10. Either tpcH oi' tRRH aiust be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WR ITE 
leading edge in read-write cycle. 

12. twcs. fRWD. fCWD and tAWD are not restrictive operating parameters. They are included in 
the data sheet as electrical characteristics only. If twCS ^ tWCS(min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire 
cycle; If tpwD ^ tRWD(min.), tcWD ^ tcWD(min.) and tAWD ^ tAWD(min.), the cycle is a 
read-write cycle and the data out will contain data read from the selected cell; If neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

13. Operation within the tRCD(max.) limit insures that tpACfn^^x) can be met. tRCD(max.) is 
specified as a reference point only. If tRCD 'S greater than the specified tRCD(max-) limit, 
then access time is controlled by tCAC- 

14. Operation within the tRAD(max.) limit insures that tRCD(max.) can be met. tRAD(max.) is 
specified as a reference point only. If tRAD is greater than the specified tRAD(max.) limit, 
then access time is controlled by tAA- 
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READ CYCLE 


<RC 
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TC5110OOP/J-10 
TC5110OOP/J-1 2 


CAS BEFORE RAS REFRESH CYCLE 


V|H 

V|L 


~—l' \ 

tRPC I 


CAS 


V|H - 


V|L 


-_ 


tCPN 


‘CSR 


tRC 


tRAS 


‘RP 


-\ 


tCHR 


/ 


fOFF 


Dqut 


Vqh 

Yql 


> 


OPEN 



Don’t Care 


NOTE: WR ITE=Don’t care, A0~A9=Don’t care 
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HIDDEN REFRESH CYCLE (WRITE) 




















CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 











OUTLINE DRAWINGS 


Unit in mm(inches) 


• Plastic DIP 



Note: Each lead pitch is 2.54(.100) mm. All leads are located within 0.25(.010)mm of their true 
longitudinal position with respect to No. 1 and No. 18 leads. 
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Unit in mm(inches) 


• Plastic SOJ 





Note: Each lead pitch 1.27(.050)mm. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent 
licenses are implied, and Toshiba reserves the right, at any time without notice, to change said 
circuitry. 
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1,048,576 WORD X 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

* This is advanced information and specifications 
are subject to change without notice. 

DESCRIPTION 


MORY PRODUCTS 

TC511001P/J-10 

TC511001P/J-12 


The TC511001 P/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC511001 P/J utilizes 
TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. Multiplexed address inputs permit the TC5 i 1001P/J to be packaged in a 
Standard 18 pin plastic DIP and 20 pin plastic SOJ. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power supply of 
5\/±10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. The special 
feature of TC511001 P/J is nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 


FEATURES 

• 1,048,576 words by 1 bit organization 

• Fast access time and cycle time 




TC511001 P/J-10 

TC511001 P/J-12 

irac 

RAS Access Time 

100ns 

120ns 

Iaa 

Column Address 

Access Time 

45ns 

55ns 

ICAC 

CAS Access Time 

35ns 

45ns 

IRC 

Cycle Time 

190ns 

220ns 

incac 

Nibble Mode 

Access Time 

20ns 

25ns 

Inc 

Nibble Mode 

Cycle Time 

40ns 

50ns 


Single power supply of 5V±10% with a built-in 
Vbb generator 


• Low Power: 

330mW MAX. Operating (TC511001 P/J-10) 
275mW MAX. Operating (TC511001 P/J-12) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two-dimen¬ 

sional chip selection 

• Common I/O capability using “EARLY WRITE” 

operation _ _ 

• Read-Modify-Write, CAS before RAS refresh, 

RAS-only refresh, Hidder\ refresh and Nibble 
Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycle/8ms 

• Package Plastic DIP: TC511001P 

Plastic SOJ: TC511001J 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 

• Plastic SOJ 


D|n [ 

/ 

T" 

20 

^ '/ss 

WRITE [ 

2 

19 

^ DquT 

RAS [ 

3 

18 

1 CAS 

N.C. [ 

4 

17 

N.C. 

N.C. 1 

5 

16 

1 A9 

AO [ 

6 

15 

] A8 

A1 ( 

7 

14 

] A7 

A2 

8 

13 

] A6 

A3 [ 

9 

12 

] A5 

VCC C 

^10 


3 A4 


• Plastic DIP 


D|n C 1 

WRITE r 2 


18 ] V 5 S 

17 ] DquT 
16 ] CAS 
15 ] A9 
14 ] A 8 
13 ] A7 
12 ] A6 
11 ] A5 


'^CC vss 



DATA IN 
BUFFER 


DATA OUT 
BUFFER 

4_ 

A 1 

r- 


A A 

1 ' 1 


1 1 

1 - 


No. 2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS (10) 

REFRESH I 
CONTROLLER 


NIBBLE 

SELECTOR 


COLUMN 

DECODER 


SENSE AMP 
I/O GATING 


PIN NAMES 



Address Inputs 


Column Address Strobe 


Row Address Strobe 
Read/Write Input 
Power (+5V) 


REFRESH 
COUNTER (9) 


■A ROW 

'- r ADDRESS 

To) BUFFERS (10) 


No. 1 CLOCK 
GENERATOR 


cc 

LU 

Q 

E 

' ^ 

i 

ROW 

DECO 

H 


MEMORY 

ARRAY 



SUBSTRATE 

BIAS 

GENERATOR 


No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

Input and Output Voltage 

V|N. VOUT 

-1~7 

Power Supply Voltage 

Vcc 

-1~7 

Operating Temperature 

topr 

-0~70 

Storage Temperature 

Tstg 

-55-150 

Soldering Temperature ■ Time 

TSOLDER 

260-10 

Power Dissipation 

Pd 

600 

Short Circuit Output Current 

'out 

50 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70“C) 



DC ELECTRICAL CHARACTERISTICS (VcC=5V±10%, Ta=0~70°C) 


SYMBOL 

PARAMETER 



UNITS 

NOTES 

'cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) 

TC511001P/J-10 



mi 

B 

TC511001P/J-12 



ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V|h) 

■ 

2 

mA 

■ 

ICC3 

RAS only REFRESH CURRENT_ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=V|r: tRC=tRQ MIN.) 

TC511001P/J-10 


1 ^^ 

mA 

3 

TC511001P/J-12 



ICC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V|l, CAS Cycling: t(sjc=tNC MIN.) 

TC511001P/J-10 


El 

mA 

B 

TC511001P/J-12 



ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS =CA S =Vcc -0.2 V) 

■ 

■ 

mA 

B 

ICC6 

CAS BEFORE RAS REFRESH CURRENT _ 

Average Power Supply Current, CAS Before RAS Mode) 

RAS, CAS Cycling: tRC=tRC MIN.) 

TC511001P/J-10 



mA 

3 

TC511001P/J-12 



'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV < V|N < 6.5V, All Other Pins Not Under Test=OV) 

-10 

10 

fxA 


'O(L) 

OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OV £ VquT £ +5.5V) 

-10 

10 

fiA 


Vqh 

OUTPUT LEVEL 

Output “H” Level Voltage (louT=^~5mA) 

m 


V 


Vql 

OUTPUT LEVEL 

Output “L” Level Voltage (IquT =4.2mA) 


0.4 

V 
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TC511001P/J-10 

TC511001P/J-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0~70°C) (Notes 5, 6, 7) 


TC511001P/J-10 I TC511001P/J-12 | jNITS NOTES 



Random Read or Write Cycle Time 


Read-Write Cycle Time 


Niuole /loue Cycle Time 


Nibble Mode Read-Write Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column Address 


Nibble Mode Access Time 


CAS to ' jtput in Low-Z 


Output Buffer Turn-Off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time Referenced to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time Referenced to CAS 









































































































































































TC511001P/J-10 TC511001P/J-12 


Write Command Hold Time 


Write Command Hold Time Referenced to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data-In Set-Up Time 


Data-In Hold Time 


Data-In Hold Time Referenced to RAS 


Refresh Period 


Write Command Set-Up Time 


CAS to WRITE Delay 


RAS to WRITE Delay 


Column Address to WR ITE Delay Time 


CAS Set-Up Time (CAS before RAS) 


CAS Hold Time (CAS before RAS) 


RAS Precharge to CAS Active Time 


CAS Precharge Time (CAS before RAS Counter Test) 


Nibble Mode Pulse Width 


Nibble Mode CAS Precharge Time 


Nibble Mode RAS Hold Time 


Nibble Mode CAS to WR IT E Delay Time 


Nibble Mode WR ITE Command to CAS Lead Time 


Nibble Mode WR ITE Command to CAS Lead Time 



CAPACITANCE (VcC~5V±10%, Ta~0~70”C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

C|1 

Input Capacitance (Ag-Ag, D|n) 

- 

5 

PF 

C|2 

Input Capacitance (RAS, CAS, WR ITE) 

- 

7 

PF 

Co 

Output Capacitance (Dqut) 

- 

7 

pF 
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TC511001P/J-10 

TC511001P/J-12 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. ICCI. ICC3. ICC4. ICC6 depend on cycle rate. 

4. ICCI. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ju,s is required after power-up followed by any 8 RAS cycles before 
pr oper device opera tion is achieved. In case of using inte rnal refresh counter, a minimum of 
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. V|H(min.) and V|L(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between V|h and Vil- 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9- tOFF(max.) defines the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

10. Either tpcH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WR ITE 
leading edge in read-write cycle. 

12. twCS. tRWD. tcWD and tAWD are not restrictive operating parameters. They are included In 
the data sheet as electrical characteristics only. If twCS ^ tWCS(min.), the-cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; If tRWD ^ fRWD(min.), tcWD ^ tcWD(min.) and tAWD ^ tAWD{min.), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

13. Operation within the tRCD(max.) limit insures that tRAC(max.) can be met. tRCD(max.) is 
specified as a reference point only: If tRCD is greater than the specified tRCD(max.) limit, 
then access time is controlled by tCAC- 

14. Operation within the tRAD(max.) limit insures that tRCD(max.) can be met. tRAD(Msx-) is 
specified as a reference point only: If tRAD is greater than the specified tRAD(max.) limit, 
then access time is controlled by tAA- 
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TC511001P/J-10 
TC511001 P/J-12 


NIBBLE MODE READ CYCLE 


RAS 


CAS 


Ao'Ag 


dqut 


WR ITE 


V|H - 

V|L - 


V|H 

V|L - 


V|H - 

V|L - 


Vqh 

'/QL - 


V|H - 

V|L - 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 


RAS 


CAS 


Ao'Ag 


WRITE 


D|N 


V|H - 

V|L - 


V|H - 

V|L _ 


V|H - 

V|L _ 


V|H — 
V|L _ 


V|H - 

V|L - 



Dqut 


VOH 

VoL 


OPEN 


Don’t Cl 













NIBBLE MODE READ-WRITE CYCLE 


RAS 


V|H - 

V|L _ 


CAS 


V|H - 

V|L _ 


Ao-Ag V|H 

V|L - 


WRITE yiH 

Y|L - 


D|N 


V|H - 

V|L - 











RAS ONLY REFRESH CYCLj. 


RAS 


V|H - 

V|u - 


CAS 


V|H 

V|L - 


Ao~A8 V|H - 

V|L _ 



Dqut 


Vqh- 

Vql - 


OPEN 


NOTE: WR ITE=Don’t care, A9=Don’t care 



CAS BEFORE RAS REFRESH CYCLE 


RAS 


V|H -- 

VlL _ 


CAS 


V|H - 

V|L - 


Dqut 


VqH - 

You _ 



NOTE: WR lTE=Don’t care, AO ~ A9=Don’t care 





















TC511001P/J-10 

TC511001P/J-12 


APPLICATION INFORMATION 


ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the TC511001P/J 
are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks^_ 

The first clock, the Row Address Strob e (RA S), latches the 10 row address bits into the chip. The 
second clock, the Column Addre ss St robe (CAS ), subsequently latches the 10 column address bits into 
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
ope ration is done outside of the critical path timing sequence for read data access. The later even ts in 
the CAS clock sequenc e are inhibited until the o ccurr ence of a delayed signal derived from the RAS 
clock chain. This “gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUT/OUTPUT 


D ata t o be written into a selected cell is latched int o an on- chi p reg ister by a combination of WR ITE 
and CAS while RAS is active. The later of the signals (WR ITE or CAS) to make its negative transition is 
the strobe f or the Da ta In (D|n) register. This permits se veral options in the write cy cle tim ing. In a write 
cycle, if the WR ITE input is broug ht low (active) prior to CAS, the D|n is str obed by CAS and the set-up 
and hold times are referenced to CAS. If the inpu t data is not available at CAS tim e or if it is desired 
that the cycle be a read-write cycle, the WR ITE signal will be delayed until after CAS has made its 
negative transition. I n this “de layed write cycle ” the data input set-up and hold times are ref erenced to 
the negative edge of WR ITE rather than CAS. (To illustrate this feature, D|n is referenced to WR ITE in 
the timing diagrams depicting the read-write and nibble mode write cycles while the “early write” cycle 

diagram shows D|n referenced to CAS). _ 

Data is retrieved from the memory in a read cycle by ma intain ing WRITE in the inactive or high 
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the 
selected cell will be available at the output within the specified access time. 
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TC511001P/J-10 
TC511001 P/J-12 


DATA OUTPUT CONTROL 

The normal condition of the Data Outp ut (Dqut) of fhe TC511001 P/J is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a high level, the Dqut Pin will be floating. The only time 
the output will turn on and contain either a l ogic 0 or logic 1 is at access time during a read cycle. 
Dqut win remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. Th e firs t of 4 bit s is 
accessed in the usual manner with read data coming out at tCAC fim©- By keeping RAS low, CAS can 
be cycled up and then down, to read or write the next three pages at high data rate (faster than tCAC)- 
Row and colu mn ad dresses need only be supplied for the first access of the cycles. From then on, the 
falling edge of CAS will activate the next bit. After four bits have been accessed, the next bit will be the 
same as the first bit accessed (wrap-around method). 



(0.1) 


( 1 , 0 ) 


( 1 . 1 ) 


□ 


Pin 15 (A9) determines the starting point of the circular 4 bits nibble. Row A9 and column A9 provide 
the two binary bits needed to select one of four bits. From then on, successive bits come out in a binary 
fashion; 00 01 -> 10 -> 11 with A9 row being the least significant address. 

A nibble cycle can be a read, write, or late write cycle. Any combinations of reads a nd w rites or late 
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 
row address (AO ~ A8) within each 8 millisecond time interval. Although any n ormal memory cycle will 
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles. 
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CAS BEFORE RAS REFRESH 

CA S before RAS refreshing available on the TC511 001P /J offers an alternate refresh method. If 
CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operati on is perfor med, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 


HIDDEN REFRESH 

An optional feature of the TC511001 P/J is that refresh cycles may be performed while maintaining 
valid d ata a t the output pin. This i s referred to as Hidden Refresh. Hidden Refresh is performe d by 
holdng CAS at Vil and taking RAS high and after a specified precharge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data 
availability. 
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TC511001P/J-10 

TC511001P/J-12 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh operation of TC511001P/J can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as 
row address and the input address as colun address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

Write “0” into all the memory cells at normal write mode. 

Select one certain column address and read “0” out and write “1” in each cell by performing 
CAS BEFORE RAS REFRESH COUNTER TEST (READ WRITE CYCLE). 

Repeat this operation 512 times. 

Check “1” out of 512 bits at normal read mode, which was written at^^. 

Using the same column as(^, read “1” out and write “0” in each cell performing CAS 
BEFORE RAS REFRESH CODnTER TEST. 

Repeat this operation 512 times. 

Check “0” out of 512 bits at normal read mode, which was written at © 

Perform the above O to^^the complement data. 
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• Plastic SOJ 


Unit in mm (inches) 



12345 6789 10 



•te; Each lead pitch 1.27mm. All dimensions are in millimeters. 

•te: Toshiba does not assume any responsibility for use of any circuitry described; no circuit 

patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 










PRODUCTS 


1,048,576 WORDS X 1 BIT STATIC 
COLUMN DYNAMIC RAM 

SILICON GATE CMOS 

* This is advanced information and specifications 
are subject to change without notice. 


TC511002P/J-10 
TC511002P/J-12 


DESCRIPTION 

The TC511002P/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC511002P/J utilizes 
TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. Multiplexed address inputs permit the TC51100 2P/J to be packaged in a 
standard 18 pin plastic DIP and 20 pin plastic SOJ. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 words by 1 bit organization 

• Fast access time and cycle time 


_ 

TC511002P/J-10 

TC511002P/J-12 

‘RAC 

RAS Access 

Time 

100 ns 

120 ns 

‘aa 

Column 

Address 

Access Time 

50ns 

60ns 

‘CAC 

CS Access 

Time 

35ns 

45ns 

‘rc 

Cycle Time 

190ns 

220 ns 

‘SC 

Static 

Column Mode 

Cycle Time 

55ns 

70ns 


PIN CONNECTION 


• Single power supply of 5\/+10% with a built-in 
Vbb generator 

• Low Power 

330mW MAX. Operating (TC511002P/J-10) 
275mW MAX. Operating (TC511002P/J-12) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability _ 

• Read-Modify-Write, CS before F^AS refresh, 
RAS-only refresh, Hidden refresh and Static 
Column Mode Capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP : TC511002P 

Plastic SOJ: TC511002J 


• Plastic SOJ • Plastic DIP 



BLOCK DIAGRAM 
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ITEM 

SYMBOL 

Input Voltage 

V|N 

Output Voltage 

VOUT 

Power Supply Voltage 

vcc 

Operating Temperature 

topr 

Storage Temperature 

Tstg 

Soldering Temperature • Time 

TSOLDER 

Power Dissipation 

Pd 

Short Circuit Output Current 
--- 

'out 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C) 



SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 


6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 


0.8 

V 

2 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0~70°C) 


SYMBOL 

PARAMETER 


MAX. 

UNITS 

NOTES 

'cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling; tRQ=tRc MIN.) 

TC511002P/J-10 



mA 

B 

TC511002P/J-12 



ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V|h) 

■ 

2 

mA 

B 

ICC3 

RAS ONLY REFRESH CURRENT_ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=V|h; tRQ=tRC MIN.) 

TC511002P/J-10 


i^n 

mA 

B 

TC511002P/J-12 



ICC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=CS =V|L, Address Cycling; ts(;;=tsc MIN.) 

TC511002P/J-10 

- 

40 

mA 


TC511002P/J-12 


1^^ 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
{RAS=CS=Vcc-0.2V) 

■ 

D 

mA 

B 

'CC6 

CS BEFORE RAS REFRESH CU^ENT 

Average Power Supply Current, CS Before 

RAS Mode (RAS, CS Cycling; tpjC“*RC MIN.) 

TC511002P/J-10 

- 


mA 

3 

TC511002P/J-12 


|||B| 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV £ V|N ^ 6.5V, All Other Pins Not Under Test=0V) 

-10 

10 

juA 

B 

'O(L) 

OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OV < VquT S '^CC) 

-10 

10 

juA 

B 

VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (louT^—Sfi^A) 

B 

- 

V 


VOL 

OUTPUT LEVEL 

Output “L” Level Voltage (louT~4.2mA) 

- 

B 

V 
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TC511002P/J-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0~70‘’C) (Notes 5, 6, 7) 




TC511002P/J-10 


TC511O02P/J-12 




Random Read or Write Cycle Time 


Read-Write Cycle Time 


Static Column Mode Cycle Time 


Static Column Mode Read Write Cycle Time 


Access Time from RAS 


Access Time from CS 


Access Time from Column Address 
Access Time from Last Write 


CS to Output in Low-Z 


Output Buffer Turn-Off Delay 


Output Data Hold Time from Column Address 


Output Data Enable Time from WR ITE 


Output Data Hold Time from WR ITE 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Static Column Mode) 


CS to RAS Hold Time 


RAS to CS Hold Time 


CS Pulse Width 


RAS to CS Delay Time 


RAS to Column Address Delay Time 


CS to RAS Precharge Time 


CS Precharge Time (Static Column Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Write Address Hold Time Referenced to RAS 


Column Address Hold Time Referenced to RAS 


Column Address to RAS Lead Time 


Column Address Hold Time Referenced to RAS Rise 


Write Command to CS Lead Time 


Last Write to Column Address Delay Time 



Last Write to Column Address Hold Time 
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SYMBOL 

PARAMETER 

tRCS 

Read Command Set-up Time Referenced to CS 

<RCH 

Read Command Hold Time Referenced to CS 

tRRH 

Read Command Hold Time Referenced to RAS 

tWH 

Write Command Hold Time (Output Data Disable) 

tWCR 

Write Command Hold Time Referenced RAS 

twp 

Write Command Pulse Width 

twi 

Write Command Inactive Time 

♦rwl 

Write Command to RAS Lead Time 

*DS 

Data-In Set-Up Time 

tDH 

Data-In Hold Time 

*DHR 

Data-In Hold Time Referenced to RAS 

tREF 

Refresh Period 

tws 

Write Command Set-Up Time (Output Data Disable) 

tCWD 

CS to WR IT E Delay Time (READ-WRITE CYCLE) 

<RWD 

RAS to WR ITE Delay Time (READ-WRITE CYCLE) 

UWD 

Column Address to WR ITE Delay Time 

'GSR 

CS Set-Up Time (CS before RAS) 

tCHR 

CS Hold Time (CS before RAS) 

tRPC 

RAS Precharge to CS Active Time 

tCPT 

CS Precharge Time (CS before RAS Counter Test) 

*CPN 

CS Precharge Time 


TC511002P/J-10 


TC511002P/J-12 




CAPACITANCE (VcC=5V±10%, f=1MHz, Ta=0~70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C|i 

Input Capacitance (A0~A9, Difg) 


5 

PF 

C|2 

Input Capacitance (RAS, CS, WR ITE) 


7 

PF 

Co 

Output Capacitance (Dqut) 


7 

pF 
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TC511002P/J-10 

TC511002P/J-12 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to VsS- 

3- ICCI. ICC3. ICC4 depend on cycle rate. 

4- ICC1. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200iis is required after power-up followed by any 8 RAS cycles before 
proper device operation is achieved. 

6. AC measurements assume tT=5ns. 

7. V|H(nnin.) and \/|L(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between V|h and Vil- 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9- tOFF(fnax.) defines the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

10. Either tpcH or tRpH must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to WRITE 
leading edge in read-write cycle. 

12. tws. tWH. tRWD. tcWD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If twS ^ tWS(min.) and tWH ^ 
tWH(min.), the data out pin will remain open circuit (high impedance) through the entire cycle; 
If fRWD ^ tRWD(min.), tcWD ^ tcWD(min.) and tAWD ^ tAWDfmin.), the cycle is a read-write 
cycle and the data out will contain data read from the selected cell. If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRCD(max.) limit insures that tRAC(max.) can be met. tRCD(max.) is 
specified as a reference point only: If tRCD 'S greater than the specified tRCD(max.) limit, 
then access time is controlled by tCAC- 

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. tRAD(max.) is 
specified as a reference point only: If tRAD is greater than the specified tRAD(max.) limit, 
then access time is controlled exclusively by tAA- 

15. Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. tLWAD(max.) is 
specified as a reference point only: If ttWAD is greater than the specified tLWAD(max.) limit, 
then access time is controlled exclusively by tAA- 

16. tAH is the condition to latch column address when RAS has rised up. 
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TC511002P/J-10 

TC511002P/J-12 


STATIC COLUMN MODE READ-WRITE CYLCE 


RAS 


Aq-Aq 


CS 


WR ITE 


D|N 


Dqut 


V|H 

V|L 


V|H 

V|L 

V|H 

V|L 


V|H 

V|L 

V|H 

V|L 


vqh 

VOL 



STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
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TC511002P/J-10 
TC511002P/J-12 


RAS ONLY REFRESH CYCLE 



DoUT —. . " , OPEN 

VOL - 


NOTE; WR ITE=Don’t care, A9=Don’t care 



Don’t Care 


CS BEFORE RAS REFRESH CYCLE 


RAS 


CS 


DqUT 


V|H 

V|L 

V|H 

V|L 

Vqh 

Vql 


tRC 


tRP 


tRAS 


e-' ' 

I ^‘CSR 

-► 

, 

h- 

^tcPN^ 

tCHR 


y 

«> I 

Vr ^ 

/ - 





> 


•OPEN 


NOTE: WR IT E=Don’t care, A0~A9=Don’t care 
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Note: Each lead pitch is 2.54(.100) mm. All leads are located within 0.25{.010)mm of their true longitudinal 
position with respect to No. 1 and No. 18 leads. 




TC511002P/J-10 
TC511002P/J-12 


Unit in nim(inches) 


• Plastic SOJ 





Note : Each lead pitch 1.27(.050)mm. 

Note ; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent 
licenses are implied, and Toshiba reserves the right, at any time without notice, to change said 
circuitry. 


— 152 — 















153 


NMOS Standard Application Static Memories 





TOSHIBA MOSnmBY PRODUCTS 


2,048 WORD X 8 BIT STATIC RAM 


TMM2015AP-90, TMM2015AP-12 
TMM2015AP-10, TMM2015AP-15 


DESCRIPTION 

The TMM2015AP is a 16,384 bits high speed 
and low power static random access memory 
organized ^as 2,048 words by 8 bits and operates 
from a single 5V supply. Toshiba's high performance 
device technology provides both high speed and low 
power features with a maximum access time of 90ns/ 
10Ons/120ns/150ns and maximum operating current 
of 80mA/65mA/65mA/65mA. When CS is a logical 


high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2015AP is most suitable for use in 
microcomputer peripheral memory Xvhere the low 
power applications are required. The TMM2015AP 
is fabricated with ion implanted N channel silicon 
gate MOS technology for high performance and high 
reliability. 


FEATURES 


• Access Time and Current 


^^\^Parameter 
Part Numbei^\^^ 

Access 
Time (Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2015AP-90 

90ns 

80mA 

7mA 

TMM2015AP-10 

100 ns 

65mA 

7mA 



65mA 

7 mA 

TMM2015AP-15 



7mA 


PIN CONNECTION 


• High Density Assembly Capability: 

0.3 inch package 
(24 pins plastic DIP) 

• Single 5V Power Supply 

• Fully Static Operation_ 

• Power Down Feature: C S 

• Output Buffer Control: OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected; All inputs have protection 

against static charge. 



PIN NAMES 


SYMBOL 

NAME 

Ao ~ A 3 

Column Address Inputs 

A 4 ~ Ajo 

Row Address Inputs 

CS 

Chip Select Input 

We 

Write Enable Input 

I/O, ~ l/Og 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 


BLOCK DIAGRAM 






















MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V|N. Vqut 

Input/Output Voltage 

1 

p 

i 

b 

Topr. 

Operating Temperature 

o 

1 

o 

Tstg. 

Storage Temperature 

-55~150 

Tsolder. 

Soldering Temperature • Time 

260 • 10 

Pd 

Power Dissipation (Ta = 70°C) 

0.7 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta-0-70*0 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

ViH 

Input High Voltage 

2.0 

- 

Vcc*" 1 -0 

V|L 

Input Low Voltage 

-0.5 

- 

0.8 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 


D.C. CHARACTERISTICS (Ta - 0 - 70*C. Vcc = 5.0V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

IlL 

Input Leakage Current 

V|N = OV 5.5V 

-10 

- 

Vqh 

Output High Voltage 

• out —1.0mA 

2.4 

- 

Vql 

Output Low Voltage 

•out ~ 2.1mA 

- 

- 

• lo 

Output Leakage Current 

CS = V|H or WE = V|L or 

OE = V|H, Vqut = OV ~ 5.5V 

-10 

- 

ISBP 

Peak Power-on Current 

CS = Vcc. loUT “ 

- 

- 

I SB 

Standby Current 

CS = V|H, loUT “ 

- 

- 

•cci 

Operating Current 
TMM2015AP-10/-12/-15 

CS = V|L, loUT “ OmA 

- 

- 

ICC2 

Operating Current 
TMM2015AP-90 

CS = V|L, loUT “ OmA 

- 

- 


CAPACITANCE* (Ta = 25*C, f = 1.0 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

C|N 

Input Capacitance 

VlN = Ov 

5 

CquT 

Output Capacitance 

> 

o 

II 

z 

> 

10 


* Note: This parameter is periodicaily sampled and is not 100% tested. 
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READ CYCLE 


SYMBOL 

PARAMETER 

TMM2015AP-90 

TMM2015AP-10 

TMM2015AP-12 

TMM2015AP-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

90 

- 

100 

- 

120 

- 

150 

- 

ns 

fACC 

Address Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

ns 

tco 

Chip Select Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

ns 

fOE 

Output Enable Time 

- 

35 

- 

35 


50 

- 

55 

ns 

fOH 

Output Data Hold Time from 

Address Change 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

fCL2 

CS to Output in Low-Z 

10 

- 

10 

_ 

10 

- 

10 

- 

ns 

tCH2 

CS to Output in High-Z 

- 

40 

- 

40 

- 

40 

- 

55 

ns 

tOL2 

OE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tOH2 

OE to Output in High-Z 


35 

- 

35 

- 

35 

- 

50 

ns 

fpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tpD 

Chip Deselection to Power Down Time 

- 

50 

_ 

- 

50 

- 

60 

- 

60 

ns 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TMM2015AP-90 TMM2015AP-10 |tMM2015AP-12 |tMM2015AP-15 
MIN. I MAX. MIN. 1 MAX. MIN. 


Write Cycle Time 
Chip Selection to End of Write 
Address Set up Time 
Write Pulse Width 
Write Recovery Time 
Data Set up Time 
Data Hold Time 
WE to Output in Low-Z 
WE to Output in High-Z 


A.C. TEST CONDITIONS 


Input Pulse Levels 


Input Rise and Fall Time 

Input and Output Reference Levels 

Output Load 





































HIGH IMPEDANCE 















MM2015AP-90, TMM2015AP-12 
MM2015AP-10, TMM2015AP-15 



Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = V|l in read cycle (1]. 

(2) All addresses are valid prior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low C§ and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE, 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 


(A) tcL2, toLZ< twLZ .Output Enable Time 

(B) tci-i2 > tOHZ< tWHZ.Output Disable Time 










OUTLINE DRAWINGS 


Unit: mm 

24 23 22 21 20 10 I 18 17 16 16 14 13 



Note : Each lead pitch is 2.54rnm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No.24 leads. 


Now: Tothiba dOM not attumo any ratpontibllity for uta of any circuitry daacrlbad; no circuit pawnt licantat ara impMad, and Toshiba ratarvas tha 
right, at any tima without notica, to changa tald circuitry. 

© Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

2,048 WORD X 8 BIT STATIC RAM TMM2015BP-90, TMM2015BP-12 

N-CHANNEL SILICON GATE MOS PROCESS TMM2015BP-10, TMM2015BP-15 


DESCRIPTION 

The TMM2015BP is a 16, 384 bits high speed 
and low power static random access memory orga¬ 
nized as 2, 048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/ 
10Ons/1 20ns/1 50ns_^d maximum operating cur¬ 
rent of 50mA. When OS is a logical high, the device 


FEATURES 

• Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM201 5BP-90 

90ns 

50mA 

5mA 

TMM201 5BP-10 

100ns 

50mA 

5mA 

TMM201 5BP-12 

120ns 

50mA 

5mA 

TMM2015BP-15 

1 50ns 

50mA 

5mA 


• High Density Assembly Capability: 

0.3 inch width package (24pin plastic DIP) 


PIN CONNENCTION 


A7 

c 

1 


24 

3 

^CC 

A6 

c 

2 


23 

□ 

A8 

A5 

c 

3 


22 

3 

A9 

A4 


4 


21 

3 

WF, 

A3 

c 

5 


20 

3 

OE 

A2 

c 

6 

- 

19 

3 

AlO 

A1 

c 

7 

PM 

18 

3 

cs" 

AO 

c 

8 

p 

17 

3 

1/08 

I/Ol 

c 

9 


16 

3 

1/07 

1/02 

c 

10 


15 

3 

i/06 

1/03 

c 

11 


14 

3 

1/05 

QND 

c 

12 


13 

J 

1/04 


PIN NAMES 


Ao~A3 

Column Address Inputs 

o 

< 

) 

< 

Row Address Inputs 


Chip Select Input 

WE 

Write Enable Input 

l/Oi-l/Os 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 


is placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM201 5BP is most suitable for use in microcom¬ 
puter peripheral memory where the low power 
applications are required. The TMM201 5BP is fa¬ 
bricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 


• Single 5V power Supply 

• Fully Static Operation 

• Power Down Feature: CS 

• Output Buffer Control: OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected: All inputs have protection 

against static charge. 


BLOCK DIAGRAM 
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SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

ViN, VoUT 

Input/Output Voltage 

-0.5*~7.0 

V 

Topr 

Operating Temperature 

0~70 

"C 

Tstg 

Storage Terperature 

-55-150 

'C 

Tsolder 

Soldering Temperature • Time 

260• 10 


Pd 

Power Dissipation (Ta = 70*C) 

0.7 

W 


♦ -3.0V at Pulse width 50ns 

O. C. RECOMIAiNOSO OPERATINO CONOITKgH" (Ta=o~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Vovtage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.5“ 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


* ♦ -3.0V at Pulse width 50ns 


O. C. CHARACreRISnCS (Ta = 0~70“C, Vcc=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin=0V-5.5V 

-10 

- 

10 

aA 

VOH 

Output High Voltage 

louT= — 1.0mA 

Bl 

- 

- 

V 

VoL 

Output Low Voltage 

louT=4.0mA 

- 

- 

0.4 

V 

luo 

Output Leakage Current 

CS=ViH or 

WE=Vil or OE=Vih, 

VouT=Ov —5.5 V 

-10 

■ 

10 

aA 

ISBP 

Peak Power-on Current 


- 

- 

10 

mA 

ISB 

Standby Current 


- 

- 

5 

mA 

Icc 

Operating Current 

CS=ViL, louT=OmA 

- 

- 

50 

mA 


CAPACITANCE*** 


(Ta = 25'C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

O 

II 

2 

> 

_J 

5 

PF 

COUT 

Output Capacitance 

VouT=OV 

10 

PF 


♦ ♦ ♦ Note : This paramenter is periodically sampled and is not 100% tested. 
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TMM2015AP-90, TMM2015AP-12 
TMM2015AP-10, TMM2015AP-15 


A. C. CHARACTERISTICS^; - (Ta=0~70-C. Vcc=6V±io%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2015BP-90 

TMM2015BP-10 

TMM2015BP-12 

TMM2015BP-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

90 

- 

100 

- 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

tco 

Chip Select Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

tOE 

Output Enable Time 

- 

35 

- 

35 

- 

50 

- 

55 

tOH 

Output Data Hold Time from Address 

Change 

10 

- 

10 

- 

10 

_ 

10 

- 

tCLZ 

CS to Output in Low-Z 

15 


15 

— 

15 

— 

15 

— 

tCHZ 

CS to Output in High-Z 

- 

40 

- 

40 

- 

40 

- 

55 

tOLZ 

OE to Output in Low-Z 

5 

- 

5 

— 

5 

- 

5 

- 

tOHZ 

OE to Output in High-Z 

- 

35 

- 

35 

- 

35 

- 

50 

tpu 

Chip Selection to power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to Power Down 

Time 

- 

50 

- 

50 

- 

60 

- 

60 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2015BP-90 

TMM2015BP-10 

TMM2015BP-12 

TMM2015BP-15 


MIN. 

MAX. 

MIN. 




MIN. 

MAX. 

twc 

Write Cycle Time 





120 


150 

- 


tew 

Chip Selection to End of Write 

60 


WBM 

- 

85 

- 

■1^9 

- 

tAS 

Address Set Up Time 


- 

20 

- 

20 

- 

20 

- 

tWP 



- 

65 

- 

80 

- 

100 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

tos 

Data Set Up Time 

30 

- 


- 


- 

50 

- 

tOH 

Data Hold Time 

0 

- 

0 

— 

0 

- 

0 

- 


WE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

5 

- 

tWHZ 


- 

25 

- 


- 

35 

- 

50 


A. C. TEST CONDITIONS 


Input Pulse Levels 

0~3.5V 

Input Rise and Fall Time 

10ns 

Input and Output Timing Reference Levels 

1.5V 

Output Load 

1 TTL Gate & Cl=100pF 
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TMM2015BP-90, TMM20T5BP-12 
TMM2015BP-10, TMM2015BP-15 


TIMING WAVEFORMS 

• (A) READ CYCLE Ci:i (1) 



• (B) READ CYCLE C2] (1), (2) 



• (C) WRITE CYCLE CO (3) 



^wc 


ADDRESSES ^ 

( _! 




^CW 

m^n 




k_ ? 

msmssm 


.^AS ^ 


j 


WE -^ 


_ p 

l - 




L_^DS_^ 

^DH ^ 



^ DATA IN VALID 




^WHZ^ 

V HIOH IMPEDANCE 

%LZ. 



_/ 

HUH 
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015BP-90, TMM2015BP-1 2 
TMM2015BP-10, TMM2015BP-15 


• (D) WRITE CYCLE t2) (3) 



NOTES: _ 

(1) The WE is high for read cycle. 

Device is continuously selected, CS =Vil in read cycle (1] 

(2) All addresses are valid perior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified asjhe time f rom the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the t^is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in 
a high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high 
impedance state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tCLZ, toLZ, twLZ . Output Enable Time 


(B) tCHZ, toHZ, twHZ . Output Disable Time 



Fig. 1 Output load condition for enable disable time measurement. 
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1.27MAX. 


NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of theirtrue longitudinal position with respect 
to No.1 and No.24 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 



















TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD X 8 BIT STATIC RAM 


TMM2016AP-90, TMM2016AP-12 
TMM2016AP-10, TMM2016AP-15 


DESCRIPTION 

The TMM2016AP is a 16,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/100ns/ 
120ns/150ns and maximum operating current of 
80mA/65mA/65mA/65mA. When CS is a logical 


FEATURES 

• Access Time and Current 


^^^^Parameter 
Part Numbef^..^^ 

Access 
Time (Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2016AP-90 

90ns 

80mA 

7mA 

TMM2016AP-10 

100ns 

65mA 

7mA 

TMM2016AP-12 

120ns 

65mA 

7mA 

TMM2016AP-15 

150ns 

65mA 

7mA 


high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2016AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. TheTMM2016AP is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 


• Single 5V Power Supply 

• Fully Static Operation_ 

• Power Down Feature: C S 

• Output Buffer Control; OE 

• Three Stage Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected: All inputs have prtoection aga¬ 

inst static charge. 


PIN CONNECTION 



PIN NAMES 


SYMBOL 

NAME 

Ao ~ A3 

Column Address Inputs 

A 4 ~ A|o 

Row Address Inputs 

CS 

Chip Select Input 

WE 

Write Enable Input 

I/O, ~ l/Og 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 


BLOCK DIAGRAM 
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TMM2016AP-90, TMM2016AP-ia 
TMM2016AP-10, TMM2016AP-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

ViN. Vqut 

Input/Output Voltage 

-0.5 ~ 7.0 

V 

Topr. 

Operating Temperature 

0~70 

°C 

Tstg. 

Storage Temperature 

-55 ~150 

°C 

Tsolder. 

Soldering Temperature • Time 

260 • 10 

°C • sec 

Pd 

Power Dissipation (Ta = 70°C) 

1.0 

W 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0 ~ 70®C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc+I-O 

V 

V|L 

Input Low Voltage 

-0.5 

- 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


D.C. CHARACTERISTICS (Ta - 0 70®C, Vcc = 5.0V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N = OV ~ 5.5V 

-10 

- 

10 

fiA 

Vqh 

Output High Voltage 

'out ^ -1.0mA 

2.4 

- 

- 

V 

Vql 

Output Low Voltage 

'out ~ 2.1 mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CS = V|H or WE = V|L or 
^ = V|H. Vqut = 0V~ 5.5V 

-10 

- 

10 

ma 

•sBP 

Peak Power-on Current 

CS = Vcc. 'out = 

- 

- 

30 

mA 

'SB 

Standby Current 

CS = V|H, 'out OfTiA 

- 

- 

7 

mA 

Icci 

Operating Current 
TMM2016AP-10/-12/-15 

CS = V|L, 'out ~ 0mA 

- 

- 

65 

mA 

ICC2 

Operating Current 
TMM2016AP-90 

CS = V|L, 'out ■■ 0mA 

- 

- 

80 

mA 


CAPACITANCE* (Ta = 25°C, f = 1.0 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

< 

z 

II 

O 

< 

5 

pF 

CoUT 

Output Capacitance 

< 

z 

II 

O 

< 

10 

pF 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2016AP-90, TMM2016AP-1 2 
TMM2016AP-10, TMM2016AP-15 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5V ± 10%) 


READ CYCLE 


SYMBOL 

_ 

PARAMETER 

. 

tRC 

Read Cycle Time 

tACC 

Address Access Time 

tco 

Chip Select Access Time 

lOE 

Output Enable Time 

tOH 

Output Data Hold Time from 

Address Change 

ICLZ 

CS to Output in Low-Z 


CS to Output in High-Z 

OE to Output in Low-Z 

tOH2 

OE to Output in High-Z 

tpu 

Chip Selection to Power Up Time 

tPD 

Chip Deselection to Power Down Time 


TMM2016AP-90 TMM2016AP-10 TMM2016AP-12 TMM2016AP-15 




- 1 

40 i 

- 

40 

— 







Chip Selection to End of Write 


Address Set up Time 


Write Pulse Width 


Write Recovery Time 


Data Set up Time 


Data Hold Time 


WE to Output in Low-Z 


WE to Output in High-Z 


TMM2016AP-15 


MAX. MIN. MAX. 


150 


120 


20 





Input Pulse Levels 

0 ~ 3.5V 

Input Rise and Fall Time 

10 ns 

Input and Output Reference Levels 

1.5V 

Output Load 

1 TTLGate&CL = 100pF 



















































































































TMM2016AP-90, TMM2016AP-12 
TMM2016AP-10, TMM2016AP-15 



Note; (1) The WE is high for read cycle. 

Device is continuously selected, CS = V|l in read cycle [ 1 ]. 

(2) All addresses are valid perior to or simultaneously with CS transistions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transistion occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period, 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tcLZ. toLZ. twLZ .Output Enable Time 


(B) tci-)2, toHZ - tWHZ ..Output Disable Time 







OUTLINE DRAWINGS 


Unit: mm 


24 2r? 22 21 on IQ n ia < a < .a 



Note : Each lead pitch is 2.54mm, All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No.24 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 

© Aug , 1985 Toshiba Corporation 









TOSHIBA MOS MEMORY PRODUCTS 

2,048 WORD X 8 BIT STATIC RAM TMM2016BP-90, TMM2016BP-12 

N-CHANNEL SILICON GATE MOS PROCESS TMM2016BP-10, TMM2016BP-15 


DESCRIPTION 

The TMM2016BP is a 16,384 bits high speed 
and low power static random access memory orga¬ 
nized as 2,048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/ 
100ns /I 20ns/1 50ns and maximum operating cur¬ 
rent of 50mA. When CS is logical high, the device is 

FEATURES 


• Access Time and Current 


-1 

Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2016BP-90 

90ns 

50mA 

5mA 

TMM2016BP-10 

100ns 

50mA 

5mA 

TMM2016BP-12 

120ns 

50mA 

5mA 

TMM2016BP-15 

1 50ns 

50mA 

5mA 


placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM2016BP is most suitable for use in microcom¬ 
puter peripheral memory where the low power 
applications are required. The TMM2016BP is fa¬ 
bricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 

• Single 5V Power Supply 

• Fully Static Operation 

® Power Down Feature; CS 

• Output Buffer Control: OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected: All inputs have protection 

against static charge. 


PIN CONNECTION 


BLOCK DIAGRAM 


A7 C i 
A6 C i 
An C 3 
A4C 4 

A3 C b 
A.Z C 3 

Ai C ~ 
AO C 8 
1 C 9 

I/Ok; C io 
l/uj, C 11 
UNDC !<; 


;^4 

b 

Vec 


b 

A8 

22 , 

b 

A9 

‘^1 

p 

WE 

20 

p 

OE 

19 

p 

AlO 

ib 

p 

CK 

.L7 

b 

1/08 

1 6 

p 

1/07 

ib 

p 

1/06 

14 

b 

1/05 

ib 

□ 

1/04 



> 


PIN NAMES 


> 

o 

i 

> 

Column Address Inputs 

A4~Aio 

Row Address Inputs 

CS 

Chip Select Input 

WE 

Write Enable Input 

l/0l~l/08 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 


I/OlO- 
1/02 0 - 
1/03 0- 
1/04 0- 
1/05 0- 
1/06 0- 
1/07 0- 



MHMORY 
CELL ARRAY 
(128X16X8) 


OND 



OE o —y 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10, TMM2016BP-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

ViN, VOUT 

Input/Output Voltage 

-0.5*~7.0 

V 

Topr 

Operating Temperature 

o 

1 

o 

”C 

Tstg 

Storage Terperature 

-55-150 

“C 

Tsolder 

Soldering Temperature • Time 

260-10 

°C-sec 

Pd 

Power Dissipation(Ta = 70”C) 

1.0 

W 


* — 3,0V at Pulse width 50ns 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Vovtage 

2.0 

- 


V 

ViL 

Input Low Voltage 

-0.5** 

- 

0.8 

V 

Vcc I 

Power Supply Voltage 1 

4.5 

5.0 . 

5.5 

V 


* * -3.0V at Pulse width 50ns 


D.C. CHARACTERISTICS (Ta=0~ 70X, Vcc=5V± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 


TYP. 



III 

Input Leakage Current 

Vin = 0V-5.5V 

-10 

- 



VoH 

Output High Voltage 

louT= — 1.0mA 


- 

- 

V 

VoL 

Output Low Voltage 

louT=4,OmA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CS=ViH or 

WE=Vil or ^=ViH. 
Vout=OV-5,5V 

-10 

- 

10 

aA 

ISBP 

Peak Power-on Current 

CS=Vcc, louT=0mA 

- 

- 

10 

mA 

ISB 

Standby Current 

CS=ViH , louT=OmA 

- 

- 

5 

mA 

Icc 

Operating Current 

CS=ViL, louT=OmA 

- 

- 

50 

mA 


CAPACITANCE*** (Ta = 25"C, f=iMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 1 

Input Capacitance 

< 

2 

II 

o 

< 

5 

PF 

COUT 

Output Capacitance 

VouT = OV 

10 

pF 


* * * Note : This paramenter is periodically sampled and is not 100% tested. 
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Wnte Cycle 



PARAMETER 


Write Cycle Time 


Chip Selection to End of Write 


Address Set Up Time 


Write Pulse Width 


Write Recovery Time 


Data Set Up Time 


Data Hold Time 


WE to Output in Low-Z 


WE to Output in High-Z 


TMM2016BP-90 TMM2016BP-10 I TMM2016BP-12 I TMM2016BP-15 



Input Pulse Levels 


Input Rise and Fall Time 


Input and Output Timing Reference Levels 


Output Load 


0~3.5V 
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HIQH IMPEDANCE 


wm 


OUTPUT DATA VALID 


HIGH 

IMPEDANCE 


OUTPUT DATA VALID 


^PD _j 


%HZ 


DATA IN VALID 


(C) WRITE CYCLE ClJ (3) 


■ 








SUPPLY Icc 
CURRENT IgB 


HIGH 

IMPEDANCE 


UNKNOWN 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10, TMM2p16BP-15 


• (D) WRITE CYCLE C2D (3) 



NOTES: _ 

(1) The WE is high for read cycle. _ 

Device is continuously selected, CS=Vil in read cycle (1j 

(2) All adresses are valid perior to or simultan^usly with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as_the time fr om t he chip selection to end of write in write cycle , and the twp is specified as the 
overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high , the output buffers remain in a high impedance stat e in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buuffers remain in 

a high impedance state in this period. _ 

(5) If the CS high transition occurs simultaeously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

Thease parameters are specified as follows and measured by using the load shown in Fig. 1. 


(A) tCLZ, tOL 2 , tWLZ ... Output Enable Time 

(B) tCHz, tOHZ, tWHZ . Output Disable Time 



Fig. 1 Output load condition for enable disable time measurement. 
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TMM2016BP 

TMM2016BP 






NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No.24 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aup, 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PROOUCTS 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM2063P-10, TMM2063P-12 
TMM2063P-15 


DESCRIPTION 

The TMM2063P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8,192 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/150ns and maximum operating current of 
80mA. When CSi is a logical high or CSz is a logical 
low, the device is placed in a low power standby 


mode in which maximum standby current is 10mA. 
Thus the TMM2063P is most suitable for use in 
microcomputer peripheral memory where the low 
power-epplications are required, moreover, suitable 
for use in high density assembly as 0.3 inch width 
package is use for. The TMM2063P is fabricated 
with ion implanted N channel silicon gate MOS 
technology for high performance and high reliability . 


FEATURES 

• Access Time and Current 


Parameter 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2063P-10 

100 ns 

80mA 

10mA 

TMM2063P-12 

120 ns 

80mA 

10mA 

TMM2063P-1 5 

150ns 

80mA 

10mA 


• High Density Assembly Capability: 0.3 inch 
width package (28 pin plastic DIP) 


PIN CONNECTION 


N.C. l 1 

A12 j a 
A7t 3 
Ati( 4 
A5| t) 
A4i 6 
A3( 7 
Aa( 8 
All 
AjtiO 

I/Oil -Li 

lyoal 

I/O31 -1-3 
ONDIi4 


28 1 Vc C 

2 "^ IW 
26 ] csa 

26 ) A 8 
24 1 A9 
23 ) All 
22 I OE 

21 I A10 
20 1 CSI 
19 I 1/08 
1 8 I 1/07 
17 I 1/0 6 
16 I 1/05 
16 I 1/04 


PIN NAMES 

SYMBOL 

NAME 

Ao~A4 

Column Address Inputs 

A5~Ai2 

Row Address Inputs 

CS 2 

Chip Select Inputs 

WE 

Write Enable Input 

l/ 0 i~l/ 0 a 

Data Input/Output 


Output Enable Input 

Vcc 

Power (+5V) 

GND 

Ground 

N. C. 

No Connection 


• Single SV Power Supply 

• Fully Static Operation _ 

• Power Down Feature : C^i , CSz 

• Output Buffer Control : OE 

• Three State Outputs 

• All Inputs and Outputs : Directly TTL Compatible 

• Inputs Protected : All inputs have protection 

against static charge. 


BLOCK DIAGRAM 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 


Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

ViN, VoUT 

Input/Output Voltage 

-0.5*~7.0 

V 

Topr 

Operating Temperature 

0-70 

”C 

Tstg 

Storage Temperature 

-55-150 

“C 

Tsolder 

Soldering Temperature • Time 

260-10 

°C-sec 


Power Dissipation (Ta = 70“C) 

0.8 

W 


♦ — 3.0V at Pulse width 50ns 


D. C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+ 1 .0 

V 

VlL 

Input Low Voltage 

-0.5** 

- 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


*♦ —3.0V at Pulse width 50ns 


' '"Df.'O. CHARACTERISTICS (Ta=0~70»c. Vcc=5V±io%) 



PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 


IlL 

Input Leakage Current 

Vin=OV-5.5V 

-10 

- 

10 


VOH 

Output High Voltage 

louT= — 1.0mA 


- 

- 

V 

VoL 

Output Low Voltage 

Iout= 2.1 mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CSi=ViH or CSz =ViL or 
WE=Vil or OE = Vih, 
Vout=OV-5.5V 

-10 

■ 

10 


ISBP 

Peak Power-on Current 

C^=Vcc, CS2 =0V 
louT=0mA 

- 

- 

20 


ISB 

Standby Current 

CSi =ViH or CS 2 =ViL, 
louT=OmA 

- 

- 

10 

mA 

Icc 

Operating Current 

CSi =VlL, CS 2 =VlH, 
louT=OmA 

- 

- 




CAPACITANCE*** (Ta=25"C, f=1.0MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 


C(N 

Input Capacitance 

n 

> 

?! 

2 

> 

5 

PF 

CoUT 

Output Capacitance 

> 

0 

II 

2 

> 

10 

PF 


♦ ♦ * Note ; This parameter is periodically sampled and is not 100% tested. 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 


A. C. CHARACTERISTICS (Ta=0-70-c. Vcc=6v±io%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2063P-10 

TMM2063P-12 

TMM2063P-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 

- 

100 

- 

120 

- 

150 

tcoi 

CSi Access Time 

- 

100 

- 

120 

- 

150 

tC02 

CSz Access Time 

- 

100 

- 

120 


150 

tOE 

OE Access Time 

- 

40 

- 

50 


60 

tOH 

Output Data Hold Time from Address Change 

10 

- 

10 

- 

10 

- 

tCLZ 

CSi or CS 2 to Output in Low-Z 

10 

- 

10 

- 

10 

- 

tCHZ 

CSi or CS 2 to Output in High-Z 

- 

40 


40 


55 

tOLZ 

OE to Output in Low-Z 


- 

5 

- 

5 

- 

tOHZ 

OE to Output in High-Z 


35 

- 

35 

- 

50 

tPU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 


tPD 

Chip Deselection to Power Down Time 

- 

50 

- 

60 

- 

60 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2063P-10 

TMM2063P-12 

TMM2063P-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tew 

Chip Selection to End of Write 

80 

- 

100 

- 

120 

- 

tAS 

Address Set Up Time 

10 

- 

10 


10 

- 

twp 

Write Pulse Width 

70 

- 

85 


100 

- 

tWR 

Write Recovery Time 

0 

- 

0 


0 

- 

tDS 

Data Set Up Time 

40 

- 

50 


60 

- 

tOH 

Data Hold Time 

0 

- 

0 


0 

- 

tWLZ 

WE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tWHZ 

WE to Output in High-Z 

- 

30 


35 

- 

40 


A. C. TEST CONDITIONS 


Input Pulse Levels 

Vih = 2.2V, Vil = 0.6V 

Input Rise and Fall Time 

10 ns 

Input and Output Reference Levels 

1.5V 

Output Load 

1 TTL Gate & Cl=100pF 
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• WRITE CYCLE 1 (4) (WE Controlled Write) 



























TMM2063P-10, TMM2063P-12 
TMM2063P-15 


• WRITE CYCLE 2 (4) (CS1 Controlled Write) 



• WRITE CYCLE 3 (4) (CS2 Controlled Write) 


ADDRESSES y 



c:_^ 

( 


^AS 

lllllllllllll^ 


%R 


1 

I 


\ 7 

m/////////////////M 

7 

B 


-S 

\ 

USli 



^QK 




\ 

_ 1 

'///////////////////m, 




A 


HISH IMPEDANCE 


m 

V 

uqoT 

r 

1 ’^DS 

^DH 1 

°IN ^yDATA IN STABLEy^ 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 


Note : 

1 . WE is High for Read Cycle. 

2. Assuming that CSi Low transition or CS 2 High transition occurs coincident with or after WE Low transition, Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS 2 Low transition occurs coincident with or prior to WE High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1 . 

(A) tcLZ, toLZ, twLZ .Output Enable Time 

(B) tcHZ, toHz, twHz .Output Disable Time 


CSI,0E 


WE,CS2 


®OUT 




i 


(A) 


HIOH IMPEDANCE 


« 


0.15V 
: 0.15V 


f 


1 


(B) 


s 


: 0.15V 

HIOH IMPEDANCE 



1.8 kn 


..OlcXl 


r 

Fig. 1 Output load condition for enable disable time measurement. 


OUTLINE DRAWINGS 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 Unit; DID 


^ rp rp rjiirp-rp rp rp rp rp-_ctL 

X 

< 

1 1 i-r ■ t ■ -hi—f f I — 1—[—|-—^ 

1 

"g Lp Uj LJJ Lp LU lPIlLj Lp Lp lU Lp Lp Lii* 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

3 5.5 MAX 




NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No.28 leads. 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

(£)Aug., 1985 Toshiba Corporation 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


DESCRIPTION 

The TMM2064P is a 65,536 bits high speed and low, the deivce is placed in a low power standby 

low power static random access memory organized mode in which maximum standby current is 10mA. 

as 8,1 92 words by 8 bits and operates from a single Thus the TMI\/12064P is most suitable for use in 

5V supply. Toshiba's high performance device microcomputer peripheral memory where the low 

technology provides both high speed and low power power applications are required. The TI\/IM2064P is 

features with a maximum access time of 100ns/ fabricated with ion implanted N channel silicon gate 

120ns/150ns and maximum operating current of MOS technology for high perfomance and high reli- 

80mA. When CSi is a logical high or CS 2 is a logical ability. 


• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature : CS 2 

• Output Buffer Control ; OE 

• Three State Outputs 

• All Inputs and Outputs ; Directly TTL Compatible 

• Inputs Protected : All inputs have protection 

against static charge. 


FEATURES 

• Access Time and Current 


Parameter 

Access 

Operating 

Standby 

Part 

Time 

Current 

Current 

Number 

(Max.) 

(Max.) 

(Max.) 

TiyiM2064P-10 

100ns 

1 

80mA 

10mA 

TMM2064P-12 

120ns 

80mA 

10mA 

TM M2064P-1 5 

1 50ns 

80mA 

10mA 


PIN CONNECTION 


N.C . I 


28 

IVcc 

A12 I 

2 

27 

IT? 

A7( 

3 

26 

I CS2 

A6 1 

4 

25 

1 A8 

AS I 

5 

24 

1 A9 

A1 1 

6 

23 

I All 

A3 1 

7 

22 

lOE 

A2 ( 

8 

21 

1 AlO 

A1 1 

9 

20 

1 CSI 

AO I 

10 

19 

1 1/08 

I/O 11 

11 

18 

J 1/07 

1/02 J 

12 

17 

) 1/06 

1/03 [ 

13 

16 

1 1/05 

ONDl 

14 

15 

1 1/04 


PIN NAMES 


SYMBOL 

NAME 

Ao~A4 

Column Address Inputs 

A5~Ai2 

Row Address Inputs 

CS 2 

Chip Select Inputs 

WE 

Write Enable Input 

l/0l~l/08 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 

N. C. 

No Connection 


BLOCK DIAGRAM 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

ViN, VoUT 

Input/Output Voltage 

-0.5*~7.0 

V 

Topr 

Operating Temperature 

o 

1 

o 

°C 


Storage Temperature 

-55-150 

°C 


Soldering Temperature • Time 

260-10 

”C-sec 

Pd 

Power Dissipation (Ta = 70°C) 

1 .0 

W 


* -3.0V at Pulse width 50ns 


D. C. RECOMMENDED ORpATfNO (Ta=o~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 


UNIT 

ViH 

Input High Voltage 

2.0 

- 


V 

ViL 

Input Low Voltage 


- 

O.B 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


* ♦ — 3. OV at Pulse width 50ns 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin=0V-5.5V 

-10 

- 

10 


VoH 

Output High Voltage 

louT= — 1 .0mA 


- 

- 

V 

VoL 

Output Low Voltage 

Iout= 2.1 mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CSi=ViH or CS 2 =ViL or 
WE=V(l or^=ViH, 
Vout=0V-5.5V 

-10 

■ 

10 

aA 


Peak Power-on Current 

C^=Vcc, CS2=0V 
louT=0mA 

- 

- 

20 

mA 


Standby Current 

CSi =ViH or CS 2 =ViL, 
louT=0mA 

- 

- 

10 

mA 

Icc 

Operating Current 

^=VlL, CS2=VlH, 
louT=OmA 

■ 

- 

80 

mA 


CAPACITANCE — 


(Ta = 25‘C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

0 

II 

z 

> 

5 

PF 

COUT 

Output Capacitance 

> 

0 

II 

z 

> 

10 

PF 


♦ * * Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 


A. C. CHARACTEBISnCS ■ (Ta-o~70-c, Vcc=5V±io%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2064P-10 

TMM2064P-12 

TMM2064P-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 


ns 

tACC 

Address Access Time 

- 

100 

- 

120 

- 

150 

tcoi 

CSi Access Time 

- 

100 

- 

120 

- 

150 

tC02 

CS 2 Access Time 

- 

100 

- 

120 

- 

150 

tOE 

OE Access Time 

- 

40 

- 

50 

- 

60 

tOH 

Output Data Hold Time from Address Change 

10 

- 

10 

- 

10 

- 

miiiQgn 

CSi or CS 2 to Output in Low-Z 

10 

- 

10 

- 

10 

- 

tCHZ 

CSi or CS 2 to Output in High-Z 

- 

40 

- 

40 

- 

55 

tOLZ 

OE to Output in Low-Z 

5 

- 

5 

- 

5 


tOHZ 

OE to Output in High-Z 

- 

35 

- 

35 

- 

50 

tpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to Power Down Time 

- 

50 

- 

60 

- 

60 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2064P-10 

TMM2064P-12 

TMM2064P-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tew 

Chip Selection to End of Write 

80 

- 

100 

- 

120 

- 

tAS 

Address Set Up Time 

10 

- 

10 

- 

10 

- 

twp 

Write Pulse Width 

70 

- 

85 

- 

100 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tos 

Data Set Up Time 

40 

- 

50 

- 

60 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tWHZ 

WE to Output in High-Z 

- 

30 

- 

35 

- 

40 


A. C. TEST CONDITIONS 


Input Pulse Levels 

Vih = 2.2V, Vil = 0.6V 

Input Rise and Fall Time 

ibns 

Input and Output Reference Levels 

1.5V 

Output Load 

1 TTL Gate & Cl= 1 OOpF 



























ADDRESSES 














































TMM2064P-10, TMM2064P-12 
TMM2064P-15 


Note j_ 

1. WE is High for Rea d Cycle. 

2. Assuming that CSi Low transition or CS 2 High transition occurs coincident with or after WE Low transition, Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS 2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1 . 

(A) tcLZ, toLZ, twLz .Output Enable Time 

(B) tcHz, toHz, twHz.Output Disable Time 




Fig. 1 Output load condition for enable disable time measurement. 


OUTLINE DRAWI 



Unit: mm 




NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to N 0 .I and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 
PRELIMINARY 


TMM2064P-70 


DESCRIPTION 

The TMM2064P is a 65,536 bits high speed and low power static random access memory organized as 8,192 words by 
8 bits and operates from a single 5V supply. Toshiba’s high performance device technology provides both high speed and 
low power features with a maximum access time of 70ns and maximum operating current of 80mA. When CS1 is a logical 
high or CS2 is a logical low, the device is placed in a low power stanby mode in which maximum standby current is 10mA. 
Thus the TMM2064P is most suitable for use in microcomputer peripheral memory where the low power applications are 
required. The TMM2064P is fabricated with ion implanted N channel silicon gate MOS technology for high performance 
and high reliability. 


FEATURES 

• Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2064P-70 

70ns 

100mA 

10mA 


PIN CONNECTION 


• Single 5V Power Supply 

• Fully Static Operation_ 

• Power Down Feature: CS1, CS2 

• Output Buffer Control; OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL 

Compatible 

• Inputs Protected: All inputs have 

protection against 
static charge. 


□ ^c 

□ WE 

□ CS2 

□ AS 


N.C. 

A12 d 2 
A7II 3 
A6 L 4 
A5C 5 
A4II 6 
A3 □ 7 
A2 C 8 
A1 C 9 
AO E 10 
1/01 C 11 

1/02 C 12 
I/03 C 1 3 
GND C 14 


24 

3 A9 

23 

□ All 

22 


21 

□ A10 

20 

d csl 

19 

□ 1/08 

18 

□ 1/07 

17 

□ !/06 

16 

□ 1/05 

15 

□ l/04 


PIN NAMES 


SYMBOL 

NAME 

AO ~ A4 

Column Address Inputs 

A5 A1 2 

Row Address Inputs 

CSI, CS2 

Chip Select Inputs 

WE 

Write Enable Input 

CO 

o 

5 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 


A5 O- 


A8 0- 
A9 O- 
A10 O- 
A11 O- 
A12 0- 


1/01 

I 

1/08 


WE O- 

OT o- 
CS2 O 


CLOCK 

GENERATOR 

H 

PRECHARGE 

CIRCUIT 





□ 


□ 




& 










X ^ 
O LU 
cr D 


MEMORY CELL 
ARRAY 
256 X 32 x 6 
(65536) 


733 - 


■OVcc 


-OGND 


SENSE AMP. 


COLUMN DECODER 


CE 




AO A1 A2 A3 A4 


£=33- 
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TMM2064P-70 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5~7.0 

V 

V|N. VqUT 

Input Output Voltage 

-0.5*~7.0 

V 

Topr 

Operating Temperature 

0~70 

°c 

^stg 

Storage Temperature 

-55-150 

°c 

^solder 

Soldering Temperature • Time 

260-10 

°C • sec 

Pd 

Power Dissipation (Ta=70°C) 

1.0 

W 


* -3.0V at Pulse width 50ns 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70X) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

• 

Vcc+I-O 

V 

V|L 

Input Low Voltage 

-0.5** 

■ 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


** -3.0V Pulse width 50ns 


D.C. CHARACTERISTICS (Ta=0~70X, Vcc=5 0V±10%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

'Ll 

Input Leakage Current 

V|N=0V~5.5V 

-10 


10 

/xA 

VOH 

Output High Voltage 

'OUT=~1-0itiA 

2.4 



V 

VOL 

Output Low Voltage 

I0UT=2-1 mA 

- 


0.4 

V 

'lo 

Output Leakage Current 

CS1=V||-| or CS2 =V|l or 

WE=V||-| or OE=V|h, 

VoUT=OV~5.5V 

-10 


10 

IxA 

ISBP 

Peak Power-on Current 

^=VcC. CS2=OV, louT=0mA 

- 


20 

mA 

'SB 

Standby Current 

CS1=V||-j or CS2 =V|l, iQUT^OrnA 

- 


10 

mA 

'cc 

Operating Current 

CS1=V|L, CS2=V|h. IoUT^Oi^A 

- 

- 

100 

mA 


CAPACITANCE *** (Ta=25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N=OV 

5 

PF 

COUT 

Output Capacitance 

VoUT=OV 

10 

PF 


***Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2064P-70 


AC CHARACTERISTICS (Ta=0~70“C, VcC=5V±10%) 
READ CYCLE 


SYMBOL 

PARAMETER 

‘RC 

Read Cycle Time 

tACC 

Address Access Time 

tcoi 

CS1 Access Time 

‘C02 

CS2 Access Time 

tOE 

OE Access Time 

tOH 

Output Data Hold Time from Address Change 

tCLZ 

CS1 or CS2 to Output Low-Z 

tCHZ 

CS1 or CS2 to Output in High-Z 

tOLZ 

OE to Output in Low-Z 

tOHZ 

OE to Output in High-Z 

tpu 

Chip Selection to Power Up Time 

tPD 

Chip Deselection to Power Down Time 


TMM2064P-70 | 

MIN. 

MAX. 

70 



70 


70 

- 

70 


40 

5 


10 

- 

- 

35 

5 


- 

30 

0 



50 


WRITE CYCLE 











TMM2064P-70 


TIMING WAVEFORMS 

READ CYCLE (1) 



WRITE CYCLE 1 (4) (WE Controlled Write) 
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TMM2064P-70 



HIGH IMPEDANCE 










TMM2064P-70 


Note: 


1. WE is High for Read Cycle. 

2. Assumin g th at CS1 Low transition or CS2 High transition occurs coincident with 
or after WE Low transition, Outputs remain in a high impedance state. 

3. Assuming that CS1 High transition or CS2 Low transition occurs coincident with 
or prior to WE High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state 
during this period. 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

(A) tCLZ. tOLZ. tWLZ.Output Enable Time 

(B) tCHZ- tOHZ. tWHZ.Output Disable Time 



5V 


l.8kn 


Dqut O- 

CL=30pf -|- 

m 


^ I.Oksi 


Fig. 1 Output load condition for enable / disable time measurement. 
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TMM2064P-70 

OUTLINE DRAWINGS 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 



Unit: mm (inches) 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 

longitudinal position with respect No. 1 and No. 28 leads. 
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CMOS Standard Application Static Random Access Memories 
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16KBit CMOS STATIC RAM COMPARISON TABLE 

PIN CONFIGURATION 


OPERATION MODE 

I Device Number 

Mode\^Nat7^r' ^ 



rC5516AP 


1-8,22 9-n 

l» 2U 21 23, 19 13- 17 

CFj CE, R/W Ao-Aio I/O, 


L Valid 


H Valid 


STANDBY 1 L H 


STANDBY 2 H * * 


-Z i I DOS 


OUTPUT 

DESELECT 


TC5517AP 

TC5517BP 



TC5517AP 

TC5517BP 


18 20 


21 

1-8, 22 
23, 19 

R/W 

Ao~A,o 

L 

Valid 

H 

Valid 


High-Z Idds 


High-Z Iddo 


TC5518BP 


CE 2 I CE, I R/W Ao-A,o| I/O,,^8 


L L 


L L H Valid OouT IddO 


iBHHH 


9-1 

13-1 

1 

7 

I/O,. 

-8 

Din 


Dou' 

r 

High- 

z 

High- 

z 

































































SYMBOL 


PARAMETER 


CONDITIONS 


VdR 

Data Retention Voltage 

OV 5 CE ^ 0.2V 

or 

Vdd-0.2V^ CE^Vdd*<3) 

Idds 

Data Retention Current 

fCDR 

Chip Deselection to 

Data Retention Time 


tR 

Recovery Time 



Note 11) ; Refer to Idds specification in individual data sheet. 
(2) : Read cycle time. 


TIMING CHART 



Note (3) : For 16K Bit CMOS RAM, Vdo-0-5V ^ CE S Voq 
D etails are specified in TCS516/17/18 data sheets. 


































TOSHIBA MOS MEMORY PRODUCTS 

TC5514AP-2/-3 
TC5514APL-2/-3 


1,024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


DESCRIPTION 

The TC551 4AP is a 4,096 bit high speed and low 
power random access memory organized as 1 ,024 
words by 4 bits using CMOS technology, and oper¬ 
ates from a single 5-volt supply. 

The 5514AP is compatible with the industry 
produced NMOS 2114 type4KRAM, yet offers a 
more than 90% reduction in power of their NMOS 
equivalents. 

The TC5514AP is a fully CMOS RAM, therefore it 
is suited for use in low oower applications where 


FEATURES 


Standby Current 

J I : TC5514APL 

1 .OfiA (Max.) at Ta=60 C J 

20AtA(Max.) ; TC5514AP 

Low Power Dissipation : 15mW (Typ.) operating 

Single 5-volt Supply : 5V ± 10% 

Data Retention Supply Voltage : 2 ~ 5.5V 

Three State Outputs 

All Inputs and Outputs : Directly TTL Compatible 


PIN CONNECTION 


battery operation and battery back up for nonvolatility 
are required. Furthermore the TC5514APL guaran¬ 
teed a standby current equal to or less than ^ jxA at 
60°C ambient temperature is avaliable. 

The TC5514AP is guaranteed for data retention at 
a power supply as low as 2 volts. The TC5514AP is 
directly TTL compatible in all inputs and outputs. 

The TC5514AP is offered in standard 18 pin 
plastic, O.Sinch in width. 


• Access Time 

200ns (Max.): TC5514 AP/APL-2 
300ns (Max.) : TC5514 AP/APL-3 

• Fully Static Operation 

• On-chip Address Transition Detector 

• Fully Compatible with TMM2114AP Family 
(Nch2114type4KRAM) 

• Package 

Plastic DIP : TC5514AP/APL 

BLOCK DIAGRAM 


(TOP VIEW) 


Ae: 

As: 

A4C 

AsC 

Ao[ 

AlC 

AaC 

ci": 

gndQ 




D'^dd 

DA7 

OAS 

DA, 

goata l/Oi 
goata I/O2 
goata I/O3 
goata I/O4 

gn/w 


PIN NAMES 


Aq ~ A9 

Address Inputs 

R/W 

Read Write Control Input 

CE 

Chip Enable Input 

Data l/Oi ~ 4 

Data Input/Output 

Vdd/OND 

Power Supply Terminals 
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TC5514AP-2/-3 
TC5514APL-2/-3 



MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3 ~ 7.0 

V 

V|/o 

I/O Voltage 

0 ~ Vdd 

V 

Pd 

Power Diss1pation(T3-!= 85°C) 

550 

mW 

TsOLDER 

Soldering Temperature • Time 

260 • 10 

‘’Csec 

Tstg 

Storage Temperature 

-55 ~ 150 


TqPR 

Operating Temperature 

-30 ~ 85 



D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Level Voltage 

2.2 

- 

Vdd 0-3 

V 

V|L 

Input Low Level Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Voo * 5V ± 10%, Ta = —30~ 85°C unless otherwise noted.) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. (1) 

MAX. 

UNIT 

l|L 

Input Leakage Current 


- 

- 

mm 

juA 

•lg 

Output Leakage Current 

CE=V|h,0V^ V,/o^Vdd 

- 

- 

±1.0 

juA 

•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

- 

mA 

Iql 

Output Low Current 

Vql =0.4V 

2.0 

- 

- 

mA 

Idds 

Standby Current 

Vdd = 2V ~ 5.5V 

All Inputs = 

0.2V or Vdd -0.2V 

TC5514APL 

Ta = 25°C 

- 

- 

0.2 

AtA 

Ta = 60°C 

- 

- 

1.0 

ma 

TC5514AP 

- 

0.05 

20 

MA 

Iddoi 

Operating Current 

tcycle = lAts, Iqut = 0mA 

- 

5.0 

9.0 

mA 

•dD02 

Icycle V|H = Vdd , V|l = ov, Iqut = 0mA 

- 

3.0 

_ 

5.0 


Note (1): Vdd =5V, Ta = 25“C 


CAPACITANCE*^ (Ta = 25“C, f = 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

- 

4 

8 

pF 

C|/o 

Input/Output Capacitance 

V|/o=0V 

- 

5 

10 

PF 


Note (2): This parameter is periodically sampled and is not 100% tested. 
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TC5514AP-2/-3 
TC5514APL-2/-3 


A.C. CHARACTERISTICS (Vdd = 5V ± 10%, Ta = -30 ~ 85“C) 

• READ CYCLE 


SYMBOL 

PARAMETER 

TC5514AP-2/APL-2 

TC5514AP-3/APL-3 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Read Cycle Time 

200 

- 

300 

- 

ns 

tACC 

Access Time 

- 

200 

- 

300 

ns 

tco 

CE Access Time 

-- 

-70 

- 

100 

ns 

tOH 

Output Data Hold Time 

15 

- 

20 

- 

ns 

tois 

Output Disable Time 

- 

60 

- 

80 

ns 

tcOE 

Output Enable Time 

5 

- 

5 

- 

ns 


• WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5514AP-2/APL-2 

TC5514AP-3/APL-3 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

200 

- 

300 

- 

ns 

tAW 

Address Setup Time 

0 

- 

0 

- 

ns 

tWP 

Write Pulse Width 

120 

- 

150 

- 

ns 

tos 

Data Setup Time 

120 

- 

150 

- 

ns 

tOH 

Data Hold Time 

0 

- 

0 

“ 

ns 

tWR 

Write Recovery Time 

0 

- 

0 


ns 


A C. TEST CONDITIONS 

• Output Load : 100 pF + 1 TTL Gate 

• Input Pulse Levels 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input : 0.8V, 2.2V 

Output 0.8V, 2.2V 

• Input Pulse Rise and Fall Times 10 ns 
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(SM) OOV^ lOOj ODVt pezjieujjON 




-v.:" 

f.-:'-.-. -M.*! 

. >•; = 


■' ■ ■k'. is 




14AP-2/-3 



14APL-2/- 

^Acc vs. Vdd 

tcoi 

vs. Vqd 


Ta = 25“C 
Cl = lOOpF 


Ta - 25°C 
Cl -lOOpF 


*ACC. tCOI '/S. Ta 


Vdd = 4.5V 
Cl « lOOpF 



VqD 


AtACC VS. Cl 


Vdd “ 4.5V 
Ta = 25°C 


V|H, V|L vS. Vqo 


V|H, V|L VS. Ta 


V|H 

VpD = 5.5V 
VlL 

Vdd = 4.5V 


m/m 


8 ( 













































TC5514AP-2/-3 
TC5514APL-2/-; 


Unit In mm 


22.8 MAX 


• PLASTIC PACKAGE 


9 

X 


< 

o 

ij_ 


in 

z' 

5 

“>i 

- 


-0.05 

7.62~8.8 


Note . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 18 leads. 

All dimensions are in millimeters. 


Notes: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 




TOSHIBA MOS MEMORY PROOUCTS 

2,048 WORD X 8 BIT CMOS STATIC RAM TC5516AP/-2, TC5516APL/-2 
SILICON GATE CMOS TC5516AF/-2. TC5516AFL/-2 


DESCRIPTION 


The TC5516AP/AF is a 16384-bit static random 
access memory organized as 2048 words by 8 bit 
using CMOS technology, ad operates from a single 5 
volt supply. 

The TC551 6AP/AF is featured by two chip enable 
inputs, that is, CEi for fast memory access and CEj 
for a minimum standby current mode, and is suited 
for low power application where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC5516APL/AFL guaranteed a 


FEATURES 


TC5516APL/AFL 

TC5516AP/AF 


Standby Current 

0.2^lA (Max.) at Ta = 25°C 
1 .Om A (Max.) at Ta = 60°C 
1 .OmA (Max.) at Ta = 25°C 
5.0ju A (Max.) at Ta = 60°C 
Low Power Dissipation ; 200mW (Typ.) 

Operating 

Single 5V Power Supply : 5V ± 10% 

Data Retention Supply Voltage: 2.0 ~ 5.5V 
Fully Static Operation 


standby current equal to or less than 1 ptA at 60°C 
ambient temperature is avialable. 

The TC551 6AP is also featured by pin compatibil¬ 
ity with 2716 type EPROM. This means that the 
TC5516AP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM obtained as a result 
allows the wide application in microcomputer sys¬ 
tem. 


• Access Time 

250ns (Max.): TC5516AP/APL/AF/AFL 
200ns (Max.): TC5516AP-2/APL-2/AF-2/AFL-2 

• Two Chip Enable (CEi, CEz) for Simple Memory 

Expansion and Battery Back Up. 

• All Inputs and Outputs Directly TTL Compat¬ 

ible 

• Three State Outputs 

• Package 

Plastic DIP : TC5516AP/APL 
Plastic FP : TC5516AF/AFL 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 


A7C 

1 

Aeq 

2 

AsC 

3 

A4C 

4 

AsC 

5 

AlC 

6 

AlC 

7 

AoC 

8 

i/OiC 

9 

1/02 C 

10 

I/O 3 C 

11 

gndC 

12 


24 

□ 

Vqd 

23 

□ 

As 

22 

□ 

A 9 

21 

□ 

R/W 

20 

□ 

CEj 

19 

□ 

AlO 

18 

□ 

CE2 

17 

□ 

l/Og 

16 

□ 

I/O 7 

15 

b 

l/Ofi 

14 

□ 

I/Os 

13 

b 

I /04 


Ao ~ Ai 0 

Address Inputs 

R/W 

Read/Write Control Input 

^ 1,^2 

Chip Enable Inputs 

I/O, ~ l/Og 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 


BLOCK DIAGRAM ce2 
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SYMBOL 


C5516AFm TCSSfieA 


MUM RATINGS 

ITEM 


Power Supply Voltage 


Input Voltage 


Input/Output Voltage 


Power Dissipation (Ta = 85 C) 


Storage Temperature 


Operating Temperature 


Soldering Temperature • Time 





RATING 


-0.3V ~ 7.0V 


-0.3V ~ Vdd + 0.3 


-0.3V ~ Vdd + 0.3 


0.8W (0.45W)* 


-55°C~ 150°C 


-30°C ~ 85°C 


260°C • 10 sec 


Plastic FP 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta=-30~85X) 




Power Supply Voltage 
Input High Voltage 


Input Low Voltage 


Data Retention Voltage 




D.C. CHARACTERISTICS {Ta=-30~85“C, Vdd^5V+10%) 


SYMBOL 



PARAMETER 

CONDITIONS 

Input Leakage Current 

0 ^ V||sj ^ Vdd 


I/O Leakage Current 


Output High Current 


Output Low Current 


CE; =V|h.OVSV|/oSVdd 

Vqh = 2.4V _ 

VoL = 0.4V 



Operating Current 


Note: Typical values are at Ta = 25 C, Vdd ~ 5V. 



CEj = Vdd -0.5V 
Vdd = 2 ~ 5.5V 


OV, V|M - V|h/V|l Iqut ~ 0mA 


OV, Vifg — Vqq/GND, InuT ~ OidA 


CAPACITANCE 


SYMBOL 


PARAMETER 


Input Capacitance 
Input/Output Capacitance 


10 

PF 

10 

PF 


































































TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 


A.C. CHARACTERISTICS (Ta - -30 ~ BS'C, Voo = 5V ±10%) 


• Read Cycle 


SYMBOL 

PARAMETER 

TC5516AP-2/APL-2 

TC5516AF-2/AFL-2 

TC5516AP/APL 

TC5516AF/AFL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

200 

- 

250 

- 

ns 

tACC 

Access Time 

- 

200 

- 

250 

ns 

tcoi 

CEi to Output Valid 

- 

100 

- 

100 

ns 

tC02 

CE2 to Output Valid 

- 

200 

- 

250 

ns 

tcOE 

or CEj to Output Active 

10 

- 

10 

- 

ns 

too 

Output High-Z form Deselection 

- 

80 

- 

80 

ns 

^OH 

Output Hold from Address Change 

10 

- 

10 


ns 


• Write Cycle 


SYMBOL 

PARAMETER 

TC5516AP-2/APL-2 

TC5516AF-2/AFL-2 

TC5516AP/APL 

TC5516AF/AFL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

200 

- 

250 

- 

ns 

tWP 

Write Pulse Width 

160 

- 

200 

- 

ns 

tAW 

Addresss Set4lp Time 

0 

- 

0 

- 

ns 

tV\/R 

Write Recovery Time 

10 

- 

10 

- 

ns 

tODW 

Output High-Z from R/W 

- 

80 

- 

80 

ns 

tOEW 

Output Active from R/W 

10 

- 

10 

- 

ns 

tos 

Data Set Up Time 

80 

- 

120 

- 

ns 

tOH 

Data Hold Time 

0 

_ 

, 0 

- 

ns 


A.C. TEST CONDITIONS 


Output Load : 100 pF + ITTL Gate 

Input Pulse Levels : 0.6V, 2.4V 

Tinning Measurement Reference Levels 

Input ; 0.8V and 2.2V 
Output: 0.8V and 2.2V 
Input Pulse Rise and Fall Times : 10ns 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 


NOTE: (1) 
( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 
(7) 


R/W is high for a Read Cycle. _ 

tWP is specified as the logical "AND" of CE 1 , CE 2 and RAA/. _ _ 

twp is measured from the latter of CEi, CE 2 or RAA/ going low to the earlier of CEi, CE 2 or RA/V 

going high. _ 

tDH- fQS measured from the earlier of CEi, CE 2 or RAA/ going high. 

If the CEi, or CE 2 low transition occurs simultaneously with or latter from the RAA/ low transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

If the CEi or CE 2 high transition occurs prior to or simultaneously with the RA/V high transition 

in a Write Cycle 1, the output buffers remain in a high impedance state in this period. _ 

If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEi or 
CE 2 low transition, the output buffers remain in a high impedance state in this period. 

A write occurs during the overlap of a low CE 1 , low CE 2 and low R/W. In write cycle 2, write is 
controlled by either CEi orCE 2 . 


DATA REfiNTION (Ta = -30 ~ 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

TC5516APL/ 

AFL 

Ta = 25°C 

- 

0.005 

0.2 

juA 

Ta = 60°C 

- 

- 

1.0 

TC5516AP/ 

AF 

Ta = 25°C 

- 

0.05 

1.0 

Ta = 60°C 

- 


5.0 

Ta = 85°C 

- 


30 

tcDR 

From Chip Deselection to Data Retention Mode 

0 


- 

MS 

tR 

Recover Time 

tRC ('ll 


- 

MS 


Note (1) tpc ■ Rsad Cycle Time. 



Note: (2) lftheV|).| level of CE2 is 2.2V, during the period thet the Vqq voltafle is floing down from 4.5V to 2.7V, Issdi current flows. 

(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.) 
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IqDSI ("’A) ^DDO IdDO 


TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 


•dDO ''S- '^dd 


'DDO vs.. "Ta 


CEj = OV 
o 

Ta •= 25 C 


I DDO vs- ^cycle 


Vdd 

Ta ■= 25°d 


Iddsi vs. Vdd 


‘cycle (us) 


Vdd 


•dDS2 vs. Vqq 







Vqd = 5.5V 






CE 2 ■= 2.2V 

other inputs 






= 0.8 ~2.2V 














































■ 

Ta = 25°C 






■ 

CE 2 ■= Vqd - 

-0.5V 















_ 




__ 

--- 

— 











































(VUJ) ISQQ| (Vu) ZSQQ| 



Vdd = 5.5V 
other Inputs 
= 0.8 ~ 2.2V 
Ta = 25°C 


I 


V,N (CEj) (V) 


V||sj (CEj) (V) 


lOH vs. VoH 


Innco vs. Ta 


VoH (V) 


•OL V*. Vql 


a 






IQ 

— 

Vqd “ 4.5V 





r- 

Ti 

= 25°C 





7^ 






/ 

A- 







z 
















Vdd = 5.5V 
other inputs 


I 





























TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 


OUTLINE DRAWINGS 


• Plastic DIP 


24 232221 2019 18 171615 14 13 





Note : Each lead pitch is 2.54mm. All leads are located within0.25mm of their true longitudinal position with respect to 
No. 1 and No.24 leads. 

All dimensions are in millimeters. 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 


PACKAGE INFORMATION FOR FLAT PACKAGE 


This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 


1. Difference in dimension between flat and 
standard package. 


Unit : mm 



Flat package 

Standard package 

Length 

16.5 

32.4 

Width 

9.0 

14.2 

Lead Pitch 

1.27 

2.54 

Thickness 

2,1 

5 


3. Advantage of this package 

• Small dimensions 

• Capability of High Density Assembly 

• Capability of thin Assembly — Capability 


2. Comparison in occupied space. 



FP 


Assembly on both side of PC board. 


4. PC pattern layout example 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

©Aug., 198 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

2,048 WORD X 8 BIT CMOS STATIC RAM TC5517AP/-2, TC5517APL/-2 
SIUCON GATE CMOS TCBBI7AF/-2, TCBB17AFL/-2 


DESCRIPTION 

The TC551 7AP/AF in a 1 6384-bit static random 
access memory organized as 2048 words by 8 bits 
using CMOS technology, and operates from a single 
5 volt supply. 

The TC5517AP/AF is featured by output enable 
and chip enable inputs, that is, OE for fast memory 
access and CE for a minimum standby current mode, 
and is suited for low power application where battery 
operation or battery back up for novolatility are 
required. Furthermore the TC551 7APL guaranteed a 

FEATURES 

• Standby Current 

0.2mA (Max.) atTa = 25°C i TC5517APL/AFL 
1.0MA(Max.)atTa = 60°C J 
I.O/uA (Max.) atTa = 25°C l TC5517AP/AF 
5.0 mA (Max.) at Ta = 60°C > 

• Low Power Dissipation ; 200mW (Typ.) 

operating 

• Single 5V Power Supply : 5V±10% 

• Data Retention Supply Voltage: 2.0 ~ 5.5V 

• Fully Static Operation 

PIN CONNECTION (TOP VIEW) 



PIN NAMES 

Aq ~ Aio Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE Chip Enable Input 

l/Oi ~ l/Og Data Input/Output 

Vdd Power (+5V) 

GND Ground 


Standby current equal to or less than 1 at 60°C 
ambient temperature is available. 

The TC551 7AP is also featured by pin compatibil¬ 
ity with 2716 type EPROM. This means that the 
TC5517AP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM obtained as a result 
allows the wide application in microcomputer sys¬ 
tem. 


• Access Time 

250ns (Max.) : TC5517AP/APL/AF/AFL 
200ns (Max.) : TC5517AP-2/APL-2/AF-2/ 
AJ^-2_ 

• Two Control Input (CF, OE) 

• Pin Compatible with Nch Static RAM TMM2016P 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC5517AP/APL 
Plastic FP : TC5517AF/AFL 

BLOCK DIAGRAM 


CE 



OOQ 








TC5517AP/-2, TC5517APL/-2 
TC5517AF/-2, TC5517AFL/-2 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V~ Vdd+0.3V 

V|/o 

Input/Output Voltage 

-0.3V~ Vdd+0.3V 

Pd 

Power Dissipation (Ta = 85°C) 

0.8W (0.45W)* 

Tstg 

Storage Temperature 

-55°C~ 150°C 

Tqpr 

Operating Temperature 

-30°C~85°C 

Tsolder 

Soldering Temperature • Time 

260° C • 10 sec. 


* Plastic FP 


RECOMMEMDED O.C. OPERATINO CONDtHONS (Ta==-30-85°C} 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd''‘0.3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

VpH 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERtSTICS (Ta**-30~86'C, Voe*»5V±lO%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

0 ^ V|N ^ Vdq 

- 

- 

±1.0 

iuA 

Ilo 

I/O Leakage Current 

CE = V|H, OV ^ V|/o ^ Vdd 

- 

- 

±5.0 

ma 

Iqh 

Output High Current 

Vqh = 2.4V 

-1.0 

-2.0 


mA 

Iql 

Output Low Current 

VoL = 0.4V 

2.0 


- 

mA 

Iddsi 

Standby Current 

CE = 2.2V 

- 


3.0 

mA 

■ 

CE = Vdd -0.5V 
Vdd = 2 ~ 5.5V 

TC5517APL/ 

AFL 


- 

0.005 

0.2 

ma 


- 

- 

1.0 

TC5517AP/ 

AF 

Ta = 25°C 

- 

0.05 

1.0 

Ta = 60°C 

- 

- 

5.0 

Ta = 85°C 

- 

- 

30 

Iddoi 

Operating Current 

CE - OV, V|N - V|h/V|l, Iqut - 0mA 

- 

40 

70 

mA 

IdD02 

Oe = OV, V|M = Vqq/GND, Iqut - 0mA 

- 

30 

55 


Note : Typical values are at Ta = 25“C, Vqq = 5V. 


CAPACITANCE (Ta » 25“C, f - IMHz) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

- 

5 

10 

PF 

C|/o 

Input/Output Capacitance 

- 

5 

10 

PF 


Note : This parameter'is periodically sampled and is not 100% tested. 
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TC5517AP/-2, TC5517APL/-2 
TC5517AF/-2, TC5517AFL/-2 

A.C. CHARACTERISTICS (Ta =-30 ~ 85°C, Von * SV ± 10%) 


• R ead Cycle 


SYMBOL 

PARAMETER 

TC5517AP-2/APL-2 

TC5517AF-2/AFL-2 

TC5517AP/APL 

TC5517AF/AFL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

200 

- 

250 

- 

ns 

^ACC 

Access Time 

- 

200 

- 

250 

ns 

^OE 

OE to Output Valid 

- 

100 

- 

100 

ns 

tco 

CE to Output Valid 

- 

200 

- 

250 

ns 

tcOE 

OE or CE to Output Active 

10 

- 

10 

- 

ns 

too 

Output High-Z from Deselection 

- 

80 

- 

80 

ns 

tOH 

Output Hold from Address Change 

10 

- 

10 

- 

ns 


• Write Cycle 


-1 

SYMBOL 

PARAMETER 

TC5517AP-2/APL-2 

TC5517AF-2/AFL-2 

TC5517AP/APL 

TC5517AF/AFL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

200 

- 

250 

- 

ns 

twp 

Write Pulse Width 

160 

- 

200 

- 

ns 

tAW 

Address Set Up Time 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

10 

- 

10 

- 

ns 

tODW 

Output High-Z from R/W 

- 

80 

- 

80 

ns 

^OEW 

Output Active from R/W 

10 

- 

10 

- 

ns 

^DS 

Data Set Up Time 

80 

- 

120 

- 

ns 

^DH 

Data Hold Time 

0 

- 

0 

- 

ns 


A.C. TEST CONDITIONS 

Output Load 
Input Pulse Levels 

Timing Measurement Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Times 


lOOpF + 1TTL Gate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 
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V|H 


^OEW I 


• Write Cycle 1 (1) 


Addresses 


R/W 


DqUT 


Write Cycle 2 (2) 

















TC5517AP/-2, TC5517APL/-2 
TC5517AF/-2, TC5517AFL/-2 


NOTE; (1) R/W is high for a Read Cycle. 

(2) OE = V|H or V|L. If OE = V|h during write cycle, the output buffers remain in a high impedance 


state. 

(3) twp is specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE of R/W going low to the earlier of CE or R/W going high. 

(4) toH - fos SI'S naeasured from the earlier of CE of R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 


DATA RETENTION CHARACTERISTICS (Ta =-30 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

'dDS2 

Standby Current 


Ta = 25°C 

- 

0.005 

0,2 

luA 

Ta = 60°C 

- 

- 

1.0 


Ta = 25X 

- 

0,05 

1.0 

Ta = 60°C 

- 

- 

5.0 

Ta = 85°C 

- 

- 

30 

^CDR 

From Chip Deselection to Data Retention Mode 

0 

- 

- 

MS 


Recovery Time 

tRCR > 

- 

- 

MS 


Note (1) tpc : Read Cycle Time 



Note (2) If the V|n level of CE is 2.2V, during the period that the voltage is going down from 4.5V to 2.7V, IddSI current flows. 
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OUTLINE DRAWINGS 

• Plastic DIP 


24 23 22 21201918 17 1615 14 13 



1 2 34 5 6 7 89 10 11 12 



Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No.24 leads. 

All dimensions are in millimeters. 



























PACKAGE INFORMATION FOR FLAT PACKAGE 


This new flat package is a very small and thin com¬ 
pared with conventional standard dual-in-line package. 
Differences are as follows. 


1. Difference in dimension between flat and standard 
package. 


2. Comparison in occupied space 


Unit: mm 



Flat package 

Standard package 

Length 

16.5 

32.4 

Width 

9.0 

14.2 

Lead Pitch 

r.27 

2.54 

Thickness 

2.1 

5 


3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 



Capability of thin Assembly-Capability of Assembly on both side of PC board. 

4. PC pattern layout example 


(CE) (OE) 



(CE) (OE) 


(mm) 


Note: Toshiba c' les not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

(^Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC5517BP-20/BPL-20/BP-25/BPL-25 
TC5517BF -20/BFL -20/BF -25/BFL -25 


DESCRIPTION 

The TC5517BP/BFisa 1 6384-bit high speed and 
low power fully static random access memory orga¬ 
nized as 2048 words by 8 bits using CMOS tech¬ 
nology, and operates from a single 5 volt supply. 

The TC551 7BP/BF has a output enable input (OE) 
for fast memory access and output control and chip 
enable input (CE) which is used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. 

Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is 5mA/MFIz are achieved. 


FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 

0.2/^A(Max.)at Ta = 26’C 1TC5517BPL-20/BPL-25/ 
1.0/iA (Max.) at Ta = 60'C j BFL-20/BFL-25 
1.0//A(Max.)at ta = 25°C 1TC5517BP-20/BP-25 
5.0;t/A (Max.) at Ta = 60°C JBF-20/BF-25 

• Single 5V Power Supply : 5V±10% 

• Data Retention Supply Voltage 2.0 ~ 5.5V 

• Fully Static Operation 


PIN CONNECTION 


PIN NAMES 


(TOP 


A? C 
Ae C 
Asc 
A4 C 

Asc 

Aid 
Aid 
AoC 
l/Oi d 
1/02 
I/O 3 dj 
GNDdj 


VIEW) 

V/ 


24 DVoq 
23 DAg 
22 □ A 9 
21 □ R/W 
20 □oE 
19 DAio 
18 □CE 
17 □l/Og 
16 □I/O 7 
15 di/Oe 
14 □I/O 5 
13 □I/O 4 


Aq ~ Alo 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 


Chip Enable Input 

l/Oi ~ l/Og 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Grounc;! 


Thus the TC551 7BP/BF is most suitable for use in 
low power applications where battery operations or 
battery back up for nonvolatility are required. 
Furthermore the TC5517BPL/BFL guaranteed a 
standby current equal to or less thanl/^A at 60°C 
ambient temperature available. 

And the TC551 7BP is pin compatible with 271 6 
type EPROM. This means that the TC5517BP and 
EPROM can be interchanged in the same socket, 
and the flexibility in the definition of the quantity of 
RAM versus EPROM allows the wide application in 
microcomputer system. 


• Fast Access Time 

tAcc = 200ns(Max.): TC5517BP-20/BPL-20/BF-20/ 
/BFL-20 

tACC = 250ns(Max.): TC5517BP-25/BPL-25/BF-25/ 
/BFL-25 

• Output Buffer Control : OE 

• On-chip Address Transition Detector 

• All inputs and outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC5517BP-20/BPL-20/BP-25/ 

BPL-25 

Plastic FP :TC5517BF-20/BFL-20/BF-25/ 

BFL-25 

BLOCK DIAGRAM 
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POWER 


Stable 


High Impedance 


High Impedance 


Output Deselect 

L 

**Standby 

H 


Note: *: H or L **: Data Retention Mode 


ABSOLUTE MAXIMUM RATINQS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V ~ Vdd + 0.3V 

V|/o 

Input/Output Voltage 

-0.3V ~ Vdd + 0.3V 

Pd 

Power Dissipation (Ta = 85°C) 

0.8W (0.45W) * 

TsTG 

Storage Temperature 

-55°C~ 150°C 

Tqpr 

Operating Temperature 

-30°C ~ 85°C 

Tsolder 

Soldering Temperature ■ Time 

260 °C • 10 sec. 


* Plastic FP = 0.45W 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta--30-8rC) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Ta*~30~8rC, Vod=SV±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

0 ^ V|N ^ Vqd 

- 

- 

±1.0 

ma 

Ilo 

I/O Leakage Current 

CE = V|H , OV ^ V|/o < Vdd 

- 

- 

±5.0 

ma 


Output High Current 

Vqh = 2.4V 

-1.0 

-2.0 

- 

mA 

Iql 

Output Low Current 

Vql = 0.4V 

2.0 

3.0 

- 

mA 

Iddsi 


CF = 2.2V 

- 

1.0 

3.0 

mA 



CE ^ Vdd -0.5V 

TC5517BPL/ 

Ta=25°C 

- 

0.005 

0.2 




8FL 

Ta=60°C 

- 

- 

1.0 


IdDS2 

Standby Current 


TC5517BP/ 

BF 

Ta=25°C 

— 

0,05 

1.0 

iUA 



Vdd = 2 ~ 5.5V 

Ta=60°C 

— 

- 

5.0 




Ta=85°C 

— 

— 

30 


•ddoi 


^cycle ~ 200ns 

V|N - V|h/V|l 

- 

- 

30 


bD02 

Operating Current 

CE = OV, buT ~ 0mA 

V|N “ Vdd/GND 

- 

- 

25 

mA 

boos 

^cycle ~ 1 ms 

—1 

> 

1 
> 

II 

2 
> 

- 

- 

10 

bD04 


CE = OV, buT ~ 0mA 

V|N ~ Vdd/GND 

- 

- 

5 



Note: Typical Values are at Ta = 25°C, Vqq = 5V. 


CAPACITANCE (Ta = 25'’C, f = 1MHz) 



PARAMTER 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 


- 

5 

10 

PF 

Ci/O 


- 

5 

10 

pF 


Note: This paramter is periodically sampled and is not 100% tested. -— 
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TC5517BP-20/BPL-20/BP-25/BPL-25 
TC5517BF-20/BFL-20/BF-25/BFL-25 


A.C. CHARACTERISTICS (Ta » -30 ~ 85*0, Vod * 5V + 10%) 


• Read Cycle 


SYMBOL 

PARAMETER 

TC5517BP-20/BPL-20 

TC5517BF-20/BFL-20 

TC5517BP-25/BPL-25 

TC5517BF-25/BFL-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

200 

- 

250 

- 

ns 

tACC 

Access Time 

- 

200 

- 

250 

tOE 

OE to Output valid 

- 

100 

- 

120 

tco 

CE to Output Valid 

- 

200 

- 

250 

tCOE 

OE or CE to Output Active 

10 

- 

10 

- 

too 

Output Hiqh-Z from Deselection 

- 

60 

- 

70 

tOH 

Output Hold from Address Change 

20 


20 

- 


• Write Cycle 


SYMBOL 

PARAMETER 

TC5517BP-20/BPL-20 

TC5517BF-20/BFL-20 

TC5517BP-25./BPL-25 

TC5517BF-25/BFL-25 

UNIT 

MIN 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

200 

- 

250 

- 


tWP 

Write Pulse Width 

150 

- 

170 

- 


tAW 

Address set up Time 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tODW 

Outpur High-Z from R^'W 

- 

60 

- 

70 

tOEW 

Output Active from R^W 

10 

- 

10 

- 


tDS 

Date set up Time 

90 

- 

100 

- 


tDH 

Data Hold Time 

_Q_ 

- 

_0_ 

- 



A.C. TEST CONDITIONS 


Output Load 
Input Pulse Levels 

Timing Measurement Reference Levels 

Input 

Output 

Input Pulse Rise and Fall Times 


lOOpF + 1TTL Gate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 


TIMING WAVEFORMS 


• Read Cycled) 
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TC5517BP-20/BPL-20/BP‘25/BPL-25 
TC5517BF-20/BFL-20/BF-25/BFL-25 


• Write Cycle 1 (2) 



• Write Cycle 2 (2) 




: UNKNOWN 
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TC5517BP-20/BPL-20/BP-25/BPL-25 
TC5517BF-20/BFU-20/BF-25/BFL-25 


Note; 


(1) RAA/ is high for a Read Cycle. 

(2) OE = V|H or V|L. If, OE = V|h during write cycle, the output buffers remain in a high impedance 
state. 

(3) twP is specified as the logical "AND" of CE and RA/V. 

twP is measured from the latter of CE or R/W going low to the earlier of CE or RA/V going high. 

(4) toH, tDS are measured from the earlier of CE or RAA/ going high. 

(5) If the CE low transition occurs simultaneously with or latter from the RA/V low transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the RAA/ high transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 


DATA RETENTION CHARACTERISTICS (Tt * -30 - 85*^0 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

bDS2 

Standby Current 

TC5517BPL/ 

BFL 

Ta=25“C 

- 

0,005 

0.2 

ma 

Ta=60®C 

- 

- 

1.0 

TC5517BP/ 

BF 

Ta=25°C 

_ 


1.0 

Ta=60°C 

- 

- 

5.0 

Ta=85‘’C 

- 

- 

30 

tCDR 

From Chip Deselection to Data Retention Mode 

0 

- 

- 

MS 

tR 

Recovery Time 

tRcO) 

- 

- 

MS 


Note (1) tpc ■ Read Cycle Time 



gnd-- 

Note (2) lftheV|n levfti of c¥ is 2.2V, during the period that the Vqq voltage is going down from 4.5V to 2.7V, loDSI current flows. 
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TC5517CP-15/CPL-15/BP-20/CPL-20 
TC5517CF-15/CFL-15/CF‘20/CFL-2O 


PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 


1. Difference in dimension between flat and 
standard package. 


Unit :mm 



Flat package 

Standard package 

Length 

16,5 

32.4 

Width 

9.0 

14.2 

Lead Pitch 

1.27 

2.54 

Thickness 

2,1 

5 


2. Comparison in occupied space 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly _ 

Capability of thin Assembly-Capability of Assembly on both side of PC board. 


4. PC pattern layout example 


(CE)(OE) 



Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry, 

© Aug., 1985 Toshiba Corporation 
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2,048 WORD X 8 BIT CMOS STATIC RAM 


TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF -15/CFL -15/CF -20/CFL -20 


The TC551 7CP/CF is a 1 6384-bit high speed and 
low power fully static random access memory orga¬ 
nized as 2048 words by 8 bits using CMOS tech¬ 
nology, and operates from a single 5 volt supply . 
The TC5517CP/CF has a output enable input (OE) 
for fast memory access and output control and chip 
enable input (CE) which is used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. Also 
the high speed and low power characteristics which 
maximum access time is 150ns, 200ns and maxi¬ 
mum operating current is 5mA/MFIz are achieved. 


Thus the TC5517CP/CF is most suitable for use in 
low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC5517CPL/CFL guaranteed a 
standby current equal to or less than 1 uA at 60°C 
ambient temperature avaitble. And the TC551 7CP is 
pin compatible with 2716 type EPROM. This means 
that the TC551 7CP and EPROM can be interchanged 
in the same socket and the flexibility in the definition 
of the quantity of RAM versus EPROM allows the 
wide application in microcompute system. 


FEATURES 

• Low Power Dissipation 

27.5mW/MHz(Max.) Operating 

• Standby Current 

0.2;[^A(Max.) at Ta=25“C,TC551 7CPL-1 5/CPL-20 
1 .0//A(Max.) at Ta=60X^ CFL-1 5/CFL-20 

1 .0//A(Max.) at Ta=25°C, TC551 7CP-1 5/CP-20 
5.0//A(Max.) at Ta=60°C^ CF-1 5/CF-20 

• Single 5V Power Supply; 5V±10% 

• Data Retention Supply Voltage 
2.0~5.5V 

• Fully Static Operation 

• Fast Access Time 

tAcc= 1 50ns{Max.) : TC551 7CP-1 5/CPL-1 5 
,, ,, CF-15/CFL-15 

PIH CONNECTION 

(TOP VIEW) r—^ - L , 

A7 C 1 24 3 ^DD 

A6 C 2 23 3 A8 

A5C 3 22 3 A9 

A4 C 4 21 3 R/W 

A3 C 5 20 3 OE 

A2 C 6 19 3 AlO 

AlC 7 ie3cE 

AO c 8 17 3 1/08 

I/Ol c 9 16 3 1/07 

1/02 C 10 15 3 1/06 

1/03 C 11 14 3 1/05 

ONDCIS 13 3 1/04 

PIN NAMES 


o 

< 

/ 

o 

< 

Address Inputs 

R/W 

Read/Write Control Input 


Output Enable Input 

CE 

Chip Enable Input 

O 

1 _ 

o 

00 

Data input/Output 

Vdd 

Power (-1-5V) 

GND 

1 

Ground 


tAcc=200ns(Max.) : TC551 7CP-20/CPL-20 
_CF-20/CFL-20 

• Output Buffer Control : OE 

• On-Chip Address Transition Detector 

• All Inputs and Outputs Directly TTL 
Compatible 

• Three State Outputs 

• Package; 

Plastic DIP: TC551 7CP-1 5/CPL-1 5 
(600 mil) CP-20/CPL-20 

Plastic FP : TC551 7CF-1 5/CFL-1 5 
CF-20/CFL-20 

BLOCK DIAGRAM 















MODE 


POWER 


Stable 


Write 


Stable 


Output Deselect 


High Impedance 


♦ * Standby 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3-7.OV 

ViN 

Input Voltage 

-0.3V~Vdd+0.3V 

Vi/0 

Input/Output Voltage 

-0.3V~Vdd+0.3V 

Pd 

Power Dissipation(Ta = 85°C) 

0.8W(0.45W)* 

Tstg 

Storage Temperature 

-55"C~150“C 

Topr 

Operating Temperature 

-30-C~85”C 

Tsolder 

Soldering Temperature-Time 

260°C-10sec. 


‘Plastic FP=0.45W 


RECOMMENCED D. C. OPERATING CONDITIONS <Ta=-30~85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

00 

6 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D. C; CHARACTERISTICS , (Ta = 30~85’C. Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 



UNIT 

MIN. 



MAX. 

III 

Input Leakage Current 

0^ ViN^ Vdd 

- 

±1.0 


±1.0 

aA 

Ilo 

I/O Leakage Current 

^=ViH, OV^Vi/o^Vdd 

- 

±5.0 


±5.0 

aA 

lOH 

Output High Current 

Voh2.4V 

■MSI 

- 

-1.0 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 

warn 

- 

2.0 

- 

mA 

Iddsi 

Standby Current 

^=2.2V 

- 

moi 

- 

3.0 

mA 

IdDS2 

CE^Vdd-O.BV 

TC55r7CPL/ 

CFL 

Ta = 25“C 

- 


- 

0.2 

aA 

Ta = 60“C 

- 

BQI 

- 

1.0 

TC5517CP/ 

CF 

Ta = 25”C 

- 


- 

1.0 

Ta = 60”C 

- 


- 

5.0 

Ta = 85”C 

- 

30 

- 

30 

Iddoi 

Operating Current 

tcyde=Mini cycle, 

CE = OV, louT=OmA 

Vin = Vih/Vil 

- 

45 


30 

mA 

IdD02 

Vin = Vdd/GND 

- 

40 


25 

IdD03 

tcycle^^ 1 //S, 

CE = OV, louT=OmA 

Vin = Vih/Vil 

- 

10 

- 

10 

IdD04 

V'n = Vdd/GND 

- 

5 

- 

5 


Note : Typical values are at Ta = 25°C, Vdd = 5V. 
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TC5517CP-15/CPL-15/BP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 


CAPACITANCE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

- 

5 

10 

pF 

Ci/o 

Input/Output Capacitance 

- 

5 

10 

PF 


Note : This parameter is periodically sampled and is not 100% tested. 


A. C. CHARACTERISTICS ■ (Ta = -30~85”C, Vdd = 5V±10%) 

Read Cycle 


SYMBOL 

PARAMETER 

TC5517CP-15/CPL-15 

TC5517CE-15/CFL-15 

TC5517CP-20/CPL-20 

TC5517CF-20/CEL-20 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

150 

- 

200 

- 


tACC 

Address Time 

- 

150 

- 

200 


tOE 

CE to Output Valid 

- 

70 

- 

100 


tco 

CE to Output Valid 

- 

150 

- 

200 

ns 

tCOE 

CE or OE to Output Active 

10 

- 

10 

- 


too 

Output High-Z from Deselection 

- 

50 

- 

60 


tOH 

Output Flold from Address Change 

15 

- 

20 

- 



Write Cycle 


SYMBOL 

PARAMETER 

TC5517CP-15/CPL-15 

TC5517CF-15/CFL-15 

TC5517CP-20/CPL-20 

TC5517CF-20/CFL-20 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

200 

- 

ns 

ns 

twp 

Write Pulse Width 

120 

- 

150 

- 

tAW 

Address Set up Time 

0 

- 

0 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

tODW 

Output Fligh-Z from R/W 

- 

50 

- 

60 

tOEW 

Output Active from R/W 

10 

- 

10 

- 

tos 

Data Set up Time 

60 


80 


tOH 

Data Flold Time 

0 


0 



A. C. TEST CONDITIONS 

Output Load :100pF+1TTL Gate Timing Measurement Reference Levels 

Input Pulse Levels: 0.6V, 2.4V Input: 0.8V and 2.2V 

Output: 0.8V and 2.2V 
Input Pulse Rise and Fall Times : lOns 

TIMING WAVEFORMS 















• Write Cycle 1 (2) 



• Write Cycle 2 (2) 



UNKNOWN 
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TC5517CP-15/CPL-15/BP-20/CPL-20 
TC5517CF-15/CFL-15/C 


Note: 

1 . R/W is high for a Read Cycle. 

2. OE = Vih or ViL. If, OE = Vih during write cycle, the output buffers remain in a high impedance state. 

3. twp is specfied as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 

4. tDH, tps are measured from the earlier of CE or R/W going high. 

5. If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write Cycle 1 , the output 
buffers remain in a high impedance state in this period. 

6. If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1, the output 
buffers remain in a high impedance state in this period. 

7. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low transition, the output 
buffers remain in high impedance state in this period. 


DATA RETENTION CHARACTERISTICS (Ta= -30 85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 1 

UNIT 

Vdh 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

TC551 7CPL/CFL 

Ta = 25“C 

- 

0.005 

0.2 

/rA 

Ta = 60"C 

- 

- 

1 .0 

TC5517CP/CF 

i 

Ta = 25"C 

- 

0.05 

1 .0 

Ta = 60”C 

- 

- 

5.0 

Ta = 85'C 

- 

- 

30 

tCDB 

From Chip Deselection to Data Retention Mode 

0 

- 

- 

JUS. 

tR 

Recovery Time 

tRcd) 

- 

- 


Note : 

1 . tRc : Read Cycle Time 



Note : 

2. If the ViH level of CE is 2.2V, during the period that tne Vdd voltage is going down from 4.5V to 2.7V Iddsi current flows. 
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TC5517CP-15/CPL-16/BP-20/CPL-20 
TC5517CF-15/CFU-15/CF-20/CFL-20 

OUTLINE DRAWINGS 

• Plastic DIP 


24 23 22 21 20 19 18 17 16 15 14 13 

nnnnnrinnnnnn 



s 

R1.5 

oi 

a ^ 


U U U U oaTJ T IJTJXJ u u 

1234 5 6789 10 11 12 




Note : Each lead pitch is 2,54mm. All leads are located within 0.25mm of their longitudinal position with respect to 
No.1 and No.24 leads. 

All dimensions are in millimeters. 
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Each lead pitch is 1 .27nnm. 

All leads are located within 0.1mm of their true longitudinal position with respect to No.1 and No.24 leads 
















TC5517CP-15/CPL-15/BP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 


PACKAGE INFORMATION FOR FIAT PACKAGE 

This new flat package is a very small and thin 
compared with conventional standard dual-in-line 
package. Differences are as follows. 


1. Difference in dimension between flat and standard 
package. 


Unit: mm 



Flat pacpage 

Standard package 

Length 

16.5 

32.4 

Width 

9.0 

14.2 

Lead Pitch 

1 .27 

2.54 

Thickness 

2.1 

5 


2. Comparison in occupied space. 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly-Capability of 

Assembly on both side of PC board. 



4. PC pattern layout example. 



Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

C Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD X 8 BIT CMOS STATIC RAM TC5518BP-20/BPL-20/BP-25/BPL-25 
SILICON GATE CMOS gBF -20/BFL -20/BF -25/BFL -25 


DESCRIPTION 

The TC5518BP/BF is a 16384-bit high speed and 
low power fully static random access memory orga¬ 
nized as 2048 words by 8 bits using CMOS tech¬ 
nology, and operates from a single 5 volt supply. 

_The TC551 8BP/BF has two chip enable inputs, 

CEi and CEz, which are used for device selection and 
can be used in order to achieve the minimum stand¬ 
by current mode easily for battery back up. Also the 
high speed and low power characteristics which 
maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 

Thus the TC5518BP/BF is most suitable for use in 


low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC5518BPL/BFL guaranteed a 
standby current equal to or less than 1;/A at 60°C 
ambient temperature available. 

And the TC5518BP is pin compatible with 2716 
type EPROM. This means that the TC5518BP and 
EPROM can be interchanged in the same socket, 
and the flexibility in the definition of the quantity of 
RAM versus EPROM allows the wide application in 
microcomputer system. 


FEATURES 


Low Power Dissipation 
27.5mW/MH2 (Max.) Operating 
Standby Current 

0.2MA(Max.) atTa = 25°ClTC5518BPL/ 
1.0/LtA (Max.) atTa = 60‘’C)BFL-20 
1.0/iA(Max.) atTa = 25°ClTC5518BP/ 
5.0mA (Max.) at Ta = 60°C) BF-20 
Single 5V Power Supply: 5V±10% 

Data Retention Supply Voltage 


• Fast Access Time 

tACC=200ns(Max.): TC5518BP-20/BPL-20/BF-20/ 
BFL-20 

tAcc = 250ns(Max.); TC5518BP-25/BPL-25/BF-25/ 
_^L-2_^ 

• Two Chip Enables (CEi, CEz) for Simple 

Memory Expansion and Battery Back Up 

• On-chip Address Transition Detector 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 


2.0- 5.5V 

• Fully Static Operation 



PIN NAMES 



Ao ~ Ai 0 

Address Inputs 

R/W 

Read/Write Control Input 

^1,^2 

Chip Enable Inputs 

I/O, ~ l/Og 

Data Input/Output 

VdD 

Power (-I-5V) 

GND 

Ground 


— OA1 _ 


• Package 

Plastic DIP : TC5518BP-20/BPL-20/BP-25/ 
BPL-25 

Plastic FP :TC5518BF-20/BFL-20/BF-25/ 
BFL-25 














TC5518BP-20/CPL-20/BP-25/BPL-25 
TC5518BF-20/BFL-20/BFr25/BFL-25 


OPERATION MODE 


MODE 


CE, 

R/W 

Ao ~ Ai 0 

l/Oi ~ g 

POWER 

Read 

L 

L 

H 

Stable 

Data Out 

boo 

Write 

L 

L 

L 

Stable 

Data In 

boo 

** Standby 1 


H 

« 


High Impedance 

Idds 

** Standby 2 

H 

» 



High Impedance 

bos 


Note; *:HorL **: Data Retention Mode 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V~ Vod+0.3V 

Y|/o 

Input/Output Voltage 

-0.3V ~ Vdd+0.3V 

Pd 

Power Dissipation (Ta = 85“C) 

0.8W (0.45W)* 

Tstg 

Storage Temperature 

-55“C~ 150°C 

Tqpr 

Operating Temperature 

-30“C ~ 85°C 

Tsolder 

Soldering Temperature • Time 

260° C ■ 10 sec 


*: Plastic FP = 0.45W 


RECOMMENDED D,C. OPERATING CONDITIONS (Ta*-30~85'C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 


5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vqd+0.3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Ta*-30~S5*C, Vi>d=SV±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

0 < V|fsj < Vqq 

- 

- 

±1.0 

ma 

bo 

I/O Leakage Current 

^2 = V|H , OV ^ V|/o ^ Vqq 

- 

- 

±5.0 

ma 

bH 

Output High Current 

Vqh = 2.4V 

-1.0 

-2.0 

- 

mA 

bL 

Output Low Current 

Vql = 0.4 V 

2.0 

3.0 

— 

mA 

bosi 


CE, =2.2VorCE, =2.2V 

- 

1.0 

3.0 

mA 



CEj ^Vqq -0.5V or 
^1 ^ Vqq -0.5V 

TC5518BPL/ 

Ta=25°C 

- 

0.005 

0.2 

mA 

bDS2 

Standby Current 

BFL 

Ta=60°C 

- 

- 

1.0 


TC5518BP/ 

BF 

Ta=25°C 

- 

0.05 

1.0 

ma 



Vqq = 2 ~ 5.5V 

Ta=60°C 

- 

- 

5.0 



Ta=85°C 

- 

- 

30 


boot 


l^ycie = 200ns, CE 1 = 

V|N - V|h/V|l 

- 

- 

30 


bD02 

Operating Current 

CE 2 = OV, buT ~ 0mA 

V|N ~ Vqq/GND 

- 

- 

25 

mA 

boos 

byde ~ ^ CE j — 

V|N - V|h/V|i 


- 

- 

10 

bD04 


CE 2 = OV, buT ~ 0mA 

V(N ~ Vqq/GND 

— 


5 

— 


Note: Typical Values are at Ta = 25°C, Vqq - 5V 


CAPACITANCE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

— 

5 

10 

pF 

C|/o 

Input/Output Capacitance 

- 

5 

10 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 






















Te5518BP-20/CPL-20/BP-25/BPL-25 
TC5518BF-20/BFL-20/BF-25/BFL-25 




IHARACTERISriCS (Ta> -30~ 85°C. Vqd 10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5518BP-20/BPL-20 

TC5518BF-20/BPL-20 

TC5518BP-25/BPL-25 

TC5518BF-25/BFL-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

200 

- 

250 

— 


tACC 


- 

200 

- 

250 


tcoi 

CEI to Output Valid 

- 

200 

- 

250 


tC02 

CE2 to Output Valid 

- 

200 

- 

250 

ns 

tCOE 

CEI or CE2 to Output Active 

10 

- 

10 

- 


tOD 

Output High-Z Deselection 

- 

60 

— 

70 


tOH 

Output Hold from Address Change 

20 

- 

20 

- 



Write Cycle 




TC5518BP-20/BPL-20 

TC5518BP-25/BPL-25 


SYMBOL 

PARAMETER 

TC5518BF-20/BFL-20 

TC5518BF-25/BFL-25 

UNIT 



MIN. 

MAX. 

MIN. 



twc 

Write Cycle Time 

200 

- 

250 

- 


tWP 

Write Pulse Width 

150 

- 

170 

- 


tAW 

Address set up Time 

0 

- 

0 

— 


tWR 

Write Recovery Time 

0 

— 

0 

- 

ns 

tODW 

Outpur High-Z from R/W 

- 

60 

- 

70 

tOEW 

Output Active from R/W 

10 

— 

10 

- 


tDS 

Data set up Time 

90 

- 

100 

— 


tDH 

Data Hold Time 

0 

- 

0 

- 



A.O.TEgrCOMDmOMS 

Output Load 
Input Pulse Levels 

Tinning Mesurement Reference Levels 

Input 

Output 

Input Pulse Rise and Fall Times 


lOOpF + 1TTL Gate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10 ns 


TIMING WAVEFORMS 

Read Cycle (1) 

Addresses 

CE2 

CEi 

Dqut 



OACi 














































(7) CE 1 (CE 2 ) 


-V|L 
, tODW 


tDS ( 3 ) tDH (3) 


DATA IN STABLE 


: UNKNOWN 
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TC5518BP-20/CPL-20/BP-25/BPL-25 
TC5518BF-20/BFL-20/BF-25/BFL-25 


Note; (1) 
( 2 ) 

(3) 

(4) 

(5) 
(€) 
(7) 


R/W is high for a Read Cycle. 

twp is specified as the logical "AND'^r CE1, CE2 and R/W. _ _ 

twp is measured from the latter of CEt, CE2 or R/W going low to the earlier of CE1, CE2 or 
R/W going high. 

fDH / tDS are measured from the earlier of CE1, CE2 or R/W going high. 

If the CE 1, or CE2 low transition occurs simultaneously with or latter from the R/W low tran¬ 
sition in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEl or 
CE2 low transition, the output buffers remain in a higt^impedance state in this period. 

A write occurs during the overlap of a low CE 1, low CE2 and low R/W. 

In write cycle 2, write is controlled by either CE 1 or CE2. 


DATA RETENSION CHARACTERISTICS (Ta* ~30 r^CI 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

TC5518BPL/ 

BFL 

Ta = 25°C 

- 

0.005 

0.2 

ma 

Ta = 60°C 

-- 


1.0 

TC5518BP/ 

BF 

Ta = 25°C 

- 

0.05 

1.0 

Ta = 60°C 

- 

- 

5.0 

Ta = 85°C 

- 

- 

30 

^CDR 

From Chip Deselection to Data Retention Mode 

0 

- 

- 

MS 

tp 

Recover Time 

tpcCl) 


_Z_ 

MS 


Noted) tpc ; Read Cycle Time 



current flows. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 


1. Difference in dimension between flat 2. Comparison in occupied space 

and standard package. 



3. Advantage of this package 


Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly — Capability of Assembly on both side of PC board. 
4. PC pattern layout example 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 
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TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF -15/CFL -15/CF -20/CFL -20 


2,048 WORD X 8 BIT CMOS STATIC RAM 


DESCRIPTION 

TheTC5518CP/CF is a 16384-bit high speed and 
low power fully static random access memory orga¬ 
nized as 2048 words by a 8 bits using CMOS tech¬ 
nology, and operates from a single 5 volt sup ply. 
The TC5 51 8CP/CF has two chip enable inputs, CEi 
and CEz, which are used for device selection and can 
be used in order to achieve minimum standby cur¬ 
rent mode easily for battery back up. Also the high 
speed and low power characteristics which maxi¬ 
mum access time is 150ns, 200ns and maximum 
operating current is 5mA/MHz are achieved. Thus 



• Low Power Dissipation 
27.5mW/MHz(Max.) Operating 

• Standby Current 

0.2/zA(Max.) atTa=25“C, TC5518CPL-1 5/CPL-20 
1.0;/A(Max.) atTa=60”C^ CFL-1 5/CFL-20 

1.0//A(Max.) atTa=25'C, TC5518CP-15/CP-20 
5.0;uA(Max.) at Ta=60”C^ CF-1 5/CF-20 

• Single 5V Power Supply : 5V±10% 

• Data Retention Supply Voltage : 2.0 —5.5V 

• Fully Static Operation 

• Fast Access Time 

tACC=150ns(Max,) : TC551 8CP-1 5/CPL-1 5 

CF-15/CFL-15 

PIN CONNECTION (TOP VIEW) 



the TC5518CP/CF is most suitable for use in low 
power applications where battery operation or battery 
back up for nonvolatility are required. Furthermore 
the TC551 8CPL/CFL guaranteed a standby current 
epual to or less then 1 fif\ at 60°C ambient tempera¬ 
ture avaitble. And the TC5518CP is pin compatible 
with 2716 type EPROM. This means that the 
TC5518CP and EPROM can be interchanged in the 
same socket and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system. 


tACC = 200ns(Max,) : TC5518CP-20/CPL-20 
_CF-20/CFL-20 

• Two Chip Enables (CEuCEz) for Simple Memory 
Expansion and Battery Back Up 

• On-Chip Address Transition Detector 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package; Plastic DIP : TC551 8CP-1 5/CPL-1 5 

(600 mil) CP-20/CPL-20 

Plastic FP : TC551 8CF-1 5/CFL-1 5 
CF-20/CFL-20 



A4 

A5 

A6 

A7 

Ab 

A9 

AlO 

ly 

t 

1 / 08 


R/W 

oil 

CE2 
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TC5518CP-15/CPL-15/CP-20/C PL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 


OPERATION MODE 


MODE 




Ao~Aio 

l/0l~l/08 


Read 

L 

L 

H 

Stable 

Data Out 

Iddo 

Write 

L 

L 

L 

Stable 

Data In 

Iddo 

* ♦ Standby 1 

* 

H 

* 

* 

High Impedance 

Idds 

* ♦ Standby 2 

H 

* 

♦ 

♦ 

High Impedance 

Idds 


Note : ♦ : H or L ♦ * : Data Retention Mode 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3-7.OV 

ViN 

Input Voltage 

-0.3V-VDD+0.3V 

Vi/0 

Input/Output Voltage 

-0.3V-Vdd+0.3V 

Pd 




Storage Temperature 

-55'C-150-C 


Operating Temperature 

-30X-85°C 


Soldering Temperature-Time 

260“C-10sec. 


‘Plastic FP=0.45W 


RECOMMENDED D. C. OPERATING CONDITIONS (Ta=-30-85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 


Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 


ViH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D. C. CHARACTERISTICS (Ta=30~85"C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

TC5518CP- 

15/CF-15 

TC5518CP- 

20/CF-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

IlL 

Input Leakage Current 

O^Vin^Vdd 

- 

±1 .0 

- 

±1.0 

//A 

Ilo 

I/O Leakage Current 

^ =ViH, OV^Vi/o^Vdd 

- 

±5.0 


±5.0 


loH 

Output High Current 

Voh = 2.4V 

-1.0 

- 


- 

ISSH 

lOL 

Output Low Current 

Vol=0.4V 

2.0 

- 


- 


Iddsi 

Standby Current 

^2 =2.2V or^ =2.2V 

- 

3.0 

- 

3.0 

mA 

IdDS2 

CE 2 =Vdd 
- 0.5V or 

CEi =Vdd 
-0.5V 

Vdd = 2-5. 
5V 

TC5518CPL/ 

CFL 

Ta = 25-C 

- 

0.2 

- 

0.2 

aA 

Ta = 60’C 


1 .0 

- 

1 .0 

TC5518CP/ 
CF 

Ta = 25"C 

- 

1 .0 

- 

1 .0 

Ta = 60“C 

- 

5.0 

- 

5.0 

Ta = 85°C 

- 

30 

- 

30 

Iddoi 

Operating Current 

tcycie = Mini cycle, 

CEi =CE2=0V, louT=OmA 

Vin = Vih/Vil 

- 

45 


30 

mA 

IdD02 

Vin = Vdd/GND 

- 

40 


25 

IdD03 

tcycle=1//S, CEi = 

CE 2 =0V, louT=OmA 

Vin = Vih/Vil 

- 

10 

- 

10 

IdD04 

Vin = Vdd/GND 

- 

5 

- 

5 


Note : Typical values are at Ta = 25”C, Vdd = 5V. 
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TC5518CP-15/C PL-15/C P-20/C PL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 


CAPACITANCE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

- 

5 

10 

PF 

COUT 

Input/Output Capacitance 

- 

5 

10 

PF 


Note : This parameter is periodically sampled and is not 100% tested. 

A. C. CHARACTERISTICS ' (Ta = -30~85"C, Vdd5V±10%) 

Read Cycle 


SYMBOL 

PARAMETER 

TC5518CP-15/CPL-15 

TC5518CF-15/CFL-15 

TC5518CP-20/CPL-20 

TC5518CF-20/CFL-20 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

150 

- 

200 

- 


tACC 

Address Time 


150 

- 

200 


tcoi 

CEi to Output Valid 

- 

150 

- 

200 


tC02 

CE 2 to Output Valid 

- 

150 

- 

200 

ns 

tCOE 

CEi or CE 2 to Output Active 

10 

- 

10 

- 


too 

Output Fligh-Z Deselection 

- 

50 

- 

60 


tOH 

Output Flold from Address Change 

15 

- 

20 

- 



SYMBOL 

PARAMETER 

TC5518CP-15/CPL-15 

TC5518CF-15/CFL-15 

TC5518CP-20/CPL-20 

TC5518CF-20/CFL-20 

UNIT' 



MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

150 

- 

200 

- 


tWP 

Write Pulse Width 

120 

- 

1 50 

- 


tAW 

Address Set up Time 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tODW 

Output High-Z from R/W 

- 

50 

_ 

60 

tOEW 

Output Active from R/W 

10 

- 

10 

- 


tos 

Data Set up Time 

60 

- 

80 

- 


tOH 

Data Flold Time 

0 

- 

0 

- 



A. C. TEST CONDITIONS 


Output Load : lOOpF + ITTL Gate 

Input Pulse Levels • o.6V, 2.4V 

Timing Measurement Reference Levels 

Input ; 0.8V and 2.2V 
Output : 0.8V and 2.2V 

Input Pulse Rise and Fall Times : 10ns 
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TC5518CP-15/CPL-15/C P-20/C PL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 


Note : 

1. R/W is high for a read Cycle. 

2. twp is specified as logical "AND" of CEi, CE 2 and R/W. _ 

twp is measured from the latter of CEi, CE 2 or R/W going low to the earlier of CEi ,CE 2 or R/W going high. 

3. toH, tDs are measured from the earlier of CEi, CE 2 or R/W going high. 

4. If the CEi or CE 2 low transition occurs simultaneously or latter from the R/W low transition in a Write Cycle 1, the 
output buffers remain in a high impedance state in this period. 

5. If the CEi or CE 2 high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1 , 

the output buffers remain in a high impedance state in this period. _ _ 

6. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEi or CE 2 low transition, the 
output buffers remain in a high impedance state in this peried. 

7. A write occurs during the overlap of a low CEi, low CE 2 and low R/W. 

In write cycle 2, write is controlled by either CEi or CE 2 . 


DATA RETENTION CHARACTERISTICS (Ta=-30-85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

TC5518CPL/CFL 

Ta = 25“C 

- 

0.005 

0.2 


Ta = 60°C 

- 

- 

1 .0 

TC5518CP/CF 

Ta = 25^ 

- 

0.05 

1 .0 

Ta = 60'C 

- 

- 

5.0 

Ta = 85'C 

- 

- 

30 

tCDR 

From Chip Deselection to Data Retention Mode 

0 

- 

- 

MS 

tR 

Recovery Time 

tRc(1 ) 

- 

- 

MS 


Note : 

1 . tRC ; Read Cycle Time 



2. If the ViH level of CE 2 (CEi) is 2.2V, during the period that the Vdd voltage is going down from 4.5V to 2.7V, Iddsi 
current flows. 



















[gg] 











































PACKGE INFORMATION FOR FLAT PACKAGE 




































8,192 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE MOS 


TC5563APL-10, TC5563APL-12 
TC5563APL-15 


DESCRIPTION 

The TC5563APL is 65,536 bit static random access memory organized as 8,192 words by 8 bits using CMOS 
technology, and operates from a single 5\/ supply. Advanced circuit techniques provide both high speed and low power 
features with a maximum operating current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 

When CE 2 is a logical low or CEi is a logical high, the device is placed in low power standby mode in which standby 
current is 2/^A typically. The TC5563APL has three control inputs. Two chip enables (CE-), CE 2 ) allow for device selection 
and data retention control, and an output enable input (OE 1 ) provides fast memory access. Thus the TC5563APL is 
suitable for use in various microprocessor application systems where high speed, low power, and battery back up are 
required. 

The TC5563APL is offered in dual-in-line 28 pin 0.3 inch width plastic package. 


FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current: lOOjuA (Max.) Ta=70°C 

• Access Time 

TC5563APL-10 : 100ns (Max.) 
TC5563APL-12 : 120ns (Max.) 
TC5563APL-15 : 150ns (Max.) 

• 5V Single Power Supply _ 

• Power Down Features: CE 2 , CEi 

• Fully Static Operation 

• Data Retention Supply Voltage: 2.0~5.5V 

PIN CONNECTION (TOP VIEW) 


• Directly TTL Compatible 

: All Inputs and Outputs 

• 0.3 inch width Plastic Package 

• TC5563APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

‘TC5565APL 

300 mil DIP 
(Slim Package) 

TC5563APL 

Flat Package 
(SOP) 

‘TC5565AFL 


*) See TC5565APL/AFL Technical Data 


TC5563APL 



PIN NAMES 


Aq-A-i 2 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CM 

LU 

0 

ILU 

lo 

Chip Enable Input 

CO 

0 

T 

Data Input/Output 

VdD 

Power (+ 5 V) 

GND 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 











TC5563APL-10, TC5563APL-12 
TC5563APL-15 


OPERATION MODE 


OPERATION MODE 

CEi 

CE2 

6e 

R/W 

00 

o 

T 

o’ 

POWER 

Read 

L 

H 

L 

H 

dqut 

'ddo 

Write 

L 

H 

* 

L 

D|N 

'ddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

* 

* 

High-Z 

'dds 

* 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VpD 

Power Supply Voltage 

o 

CO 

d 

I 

V 

V|N 

Input Voltage 

*-0.3~7.0 

V 


Input and Output Voltage 

—0.5~VDp-l-0.5 

V 

Pd 

Power Dissipation 

0.8 

w 

^solder 

Soldering Temperature 

260-10 

°C • sec 

^stg 

Storage Temperature 

-55-150 

°C 

^opr 

Operating Temperature 

0-70 

°C 


* -3.0V at pulse width 50ns MAX. 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VdD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 


Vdd+0-3 

V 

V|L 

Input Low Voltage 

-0.3 


0.8 

V 

VdH 

Data Retention Supply Voltage 

2.0 


5.5 

V 
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TC5563APL-10, TC5563APL-12 
TC5563APL-15 


D.C. and OPERATING CHARACTERISTICS {Ta=0~70°C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage 

Current 

V|N=0~Vdd 



+ 1.0 

mA 

'oh 

Output High Current 

Voh=2.4V 

-1.0 




'OL 

Output Low Current 

Vol=0.4V 

40 




'lo 

Output Leakage 

Current 

CEi =V|(-| or CE 2 =V|l or R/W=V|l or 

OE=V|h 

VoUT=0~\/DD 

■ 

■ 

±1.0 

mA 

IPDOI 

Operating Current 

Vdd=5.5V 

CEi =V|L 

CE2=V|h 

Other input= 

V|H/V|L 

*cycle~^ 



10 

mA 

TC5563APL-10 

^cycle 
=100ns 




mA 

TC5563APL-12 

*cycle 
=120ns 



40 

mA 

TC5563APL-15 

*cycle 
=150ns 



35 

mA 

IdD02 

V00=5.5V 

CEi =0.2V 
CE2=V00-O.2V 
Other input= 
V00-O.2V/O.2V 

*cycle“^ 



5 

mA 

TC5563APL-10 

^cycle 

=100ns 



40 

mA 

TC5563APL-12 

tcycle 

=120ns 



35 

mA 

TC5563APL-15 

'cycle 

=150ns 



30 

mA 

IPDSI 

Standby Current 

CEi=V|h orCE2=V|L 



3 

mA 

*IdDS2 

CEi =\/00-O.2V or 

CE2=0.2V 

Voo=5.5V 


2 

100 

mA 

V00=3.OV 


1 

50 

aA 


Note * : In standby mode with CEi ^ VdD“ 0-2V, these specification limits are guaranteed under the condition of 
CE 2 ^Vdd= 0 . 2 V or CE 2 ^ 0 . 2 V. 


CAPACITANCE (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N=GND 



10 

PF 

COUT 

Output Capacitance 

Vout=gnd 



10 

PF 


Note: This parameter periodically sampled is not 100% tested. 
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TC5563APL-10, tC5663APL-12 
TC5563APL-15 


A.C. CHARACTERISTICS (Ta=0~70°C, Vdd= 5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10 

TC5563APL-12 

TC5563APL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

too 

- 

120 

- 

150 


ns 

‘ACC 

Address Access Time 

- 

100 


120 


150 

ns 

‘COI 

CEi Access Time 

- 

100 

- 

120 

- 

150 

ns 

tC02 

CE 2 Access Time 

- 

100 

■ 

120 

- 

150 

ns 

‘OE 

Output Enable to Output Valid 

- 

50 


60 


70 

ns 

‘COE 

Chip Enable (CE^, CE 2 ) to Output in Low-2 

10 

- 

10 

- 

15 

- 

ns 

‘OEE 

Output Enable to Output in Low-Z 

5 


5 

- 

5 

- 

ns 

‘OD 

Chip Enable (CE-j, CE 2 ) to Output in High-2 

- 

35 


40 


50 

ns 

‘ODO 

Output Enable to Output in High-Z 

- 

35 


40 


50 

ns 

‘OH 

Output Data Hold Time 

20 


20 

- 

20 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10 


TC5563APL-15 

UNIT 

MIN. 

MAX. 


MAX. 

MIN. 

MAX. 

‘wc 

Write Cycle Time 

100 

■ 

120 

- 

150 

- 

ns 

‘WP 

Write Pulse Width 

60 

- 

70 


90 

- 

ns 

‘cw 

Chip Selection to End of Write 

80 


85 


100 


ns 

‘as 

Address Set Up Time 

0 

- 

0 

- 

0 


ns 

‘WR 

Write Recovery Time 

0 


0 

- 

0 

- 

ns 

‘ODW 

R/W to Output High-Z 

- 

35 


40 


50 

ns 

‘OEW 

R/W to Output Low-Z 

5 


5 

- 

10 


ns 

‘ds 

Data Set up Time 

40 

- 

50 

- 

60 

- 

ns 

‘DH 

Data Hold Time 

0 


0 


0 

- 

ns 


A.C. TEST CONDITION 

Output Load 
Input Pulse Level 
Timing Measurement V|n 
R eference Level VoUT 
tr, tf 


100pF + 1 TTL Gate 

0.6V, 2.4V 

0.8V, 2.2V 

0.8V, 2.2V 

5ns 
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TC5563APL- 
C5563APL 



ADDRESSES 


V|H 



















Note 1. R/W is High for Read Cycle. 


2. Assuming that CEi Low transition of CE 2 High transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occurs coincident with or prior to R/W 
High transition, Outputs remain in high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this 
period. 


DATA RETENTION (Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VdH 

Data Retention Supply Voltage 

2.0 


5.5 

V 

IdDS2 

Stand by Supply Current | 

Vdd=3.0V 



50 

fiA 

Vdd=5.5V 



100 

‘CDR 

Chip Deselection to Data Retention Mode 

0 



^lS 

tR 

Recovery Time 

tRC(1) 



AS 


Note (1) : Read cycle time. 

CEi Controlled Data Retention Mode (2) 



CE2 


Controlled Data 

VdD 


Retention Mode (4) 

-V 


DATA RETENTION MODE 


/ 































TC5563APL-10, TC5563APL-12 
TC5563APL-15 


Note 2 : In CEi controlled data retention mode, minimum standby current mode is achieved under 
the condition of CE 2 ^ 0.2V or CE 2 ^ Vdd~0.2V. 

3 : If the V|h of is 2.2V in operation, IdDSI current flows during the period that the Vdd 

voltage is going down from 4.5V to 2.4V. 

4 : In CE 2 controlled data retention mode, minimum standby current mode is achieved under 

the condition of CE 2 ^ 0.2V. 


DEVICE INFORMATION 

The TC5563APL is an synchronous RAM using address activated circuit technology. Thus the internal 
operation is synchronous. Then once row address change occur, the precharge operation is executed 
by internal pulse generated from row address transient. Therefore the peak current flows only after row 
address change, as shown in the following figure. 

This peak current may induce the noise on Vqd/GND lines. Thus the use of about 0.1 juF decoupling 
capacitor for every device is recommended to eliminate such noise. 


ADDRESSES 


'DDO 

(mA) 



VdD=5.5V 
V|h=5.3V 
V(l= 0.2V 
Horizon lOOns/div 


Fig. TYPICAL CURRENT WAVEFORMS 








DIP 28 PIN OUTLINE DRAWING (3D28A-P) 


Unit in mm (inches) 


7.62(.300)±0.25(.010) 


35.3(1.390)MAX 


2.54(.100)±0.25(.010) 


1.4(.055)±0.15(.006) 


0.5(.020)±0.15(.006) 


Note) Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is 
obtained on the basis of No. 1 and No. 28 leads. 
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MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC5564PL-15 

TC5564PL-20 


DESCRIPTION 

TC5564PL is 65536 bits static random access 
memory organized as 8192 words by 8 bits using 
CMOS technology, and operates with a single 5V 
power supply. 

Advanced circuit techniques provides low power 
feature with a maximum operating current of 5mA/ 
MHz. Operation current depends on cycle time. 

TC55 64P L has three control inputs. Two chip 
enables(CEi, CE 2 ) allow for device selection and 
data retention control. Output enable(OE) input 
provides fast memory access.When device is placed 
in standby mode with chip off state, standby current 

fiAftIRiS 

• Standby Current 
0.2/iA(MAX.) at Ta = 25“C 
1 .0/<A(MAX.) at Ta = 60X 

• Low Power Dissipation 
27.5mW/MHz(MAX.) Operating 

• 5V Single Power Supply 

• 8,192 Wordx8Bit 

• Fully Static Operation 

• Data Retention Voltage ; 2.0 —5.5V 

'NMeONNEOflON’" (TOP VIEW) 

64k bit EPROM 

TC5564FL TMM2764D 




^ Vdd 

VppC 



2 

27 

3R/»r 

A12C 

2 

27 

3 

26 

D CE2 

A7C 

3 

26 

4 

25 

□ A8 

A6C 

4 

25 

5 

24 

3 A9 

A5C 

5 

24 

6 

23 

3 All 

A4C 

6 

23 

7 

22 

3 o?r 

A3C 

7 

22 

8 

21 

3 Alo 

A2C 

8 

21 

9 

20 

3 CET 

AlC 

9 

20 

10 

19 

3 1/08 

AO C 

10 

19 

li 

18 

3 1/07 

00 c 

11 

18 

12 

17 

3 1/06 

Oic 

12 

17 

13 

16 

3 1/05 

02C 

13 

16 

14 

15 

3 1/04 

QNDC 

14 

15 


PIN NAMES 


> 

0 

( 

> 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE7, CE 2 

Chip Enable Inputs 

l/Oi-l/Os 

Data Input/Output 

Vdd 

Power {-I-5V) 

GND 

Ground 

N. C. 

No Connection 


is typically O.OVA. So the TC5564PL is suitable for 
use in various microprocessor application systems 
where low power and battery back up are required. 
Ultra low standby power allow not only battery but 
capacitance backup. 

Pin assignment of TC5564PL is pin compatible 
with the 64K bits EPROM(TMM2764D). RAM and 
EPROM are then interchangeable in the same socket, 
resulting in flexibility in the definition of the quantity 
of RAM versus EPROM in microprocessor application 
systems, 

TC5564PL is offered in a Standard dual-in-line 
28pin plastic package, 0.6 inch width. 

• Access Time 


Address Access Time (MAX.) 

TC5564PL-15 

1 50ns 

TC5564PL-20 

200ns 

CEi Access Time (MAX.) 

150ns 

200ns 

CE 2 Access Time (MAX.) 

1 50ns 

200ns 

Output Enable Time (MAX.) 

70ns 

100ns 


• Directly TTL Compatible : All Inputs and Outputs 

• Standard 28 Pin DIP 

• Pin compatible with 2764 type EPROM 

BLOCK DIAGRAM 


aENERATOHH™'"^"'^OK CIRCUIT 


memory cpill 

ARRAY 

866*256 

( 65536 ) 


OPERATING MODE 


Operation 

Mode 

CEi 

CE 2 

OE 

R/W 

l/Oi~ 

I/Os 

Power 

Read 

L 

H 

L 

H 

Dour 

Iddo 

Write 

L 

H 

* 

L 

Din 

Iddo 

Output Deselect 

* 

* 

H 

♦ 

High-Z 

Iddo 

Standby 

H 

* 

* 

♦ 

" 

Idds 

* 

L 

* 

* 

n 

Idds 
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-0.5~Vdd+0.5 V 


Vi/o 


Input and Output Voltage 


Tsolder Soldering Temperature 


260-10 


Tstg 


Storage Temperature 


-55-150 


* 8.5V at Pulse width 100ns 


♦ * —3.0V at Pulse width 50ns 


D.C. RECOMMENDED ORERATtNO CONOlTfONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 



Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 


Vdd+0.3 

V 

VlL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* —3.0V at Pulse width 50ns 

D.O. «nd-OPERATtNO CHARACTERISTICS-. (Ta=-30-85X, Vdd = 5V±10% Unless otherwise noted) 


SYMBOL 

PARAMETER 

CONDITIONS 





IlL 

Input Leakage Current 

ViN=0— Vdd 

- 

- 


aA 

loH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

loL 

Output Low Current 

Vol=0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage Current 

CEi =ViH or CE 2 = ViL or 

R/W=Vil, or^=ViH 

VouT=0— Vdd 

- 

- 

±1 .0 

A A 

1__ . . 


Operating Current 

CEi=Vil and CE 2 =Vih 
O ther lnput=ViH/ViL 
louT=OmA 

tcycle— 1 ;l/S 

- 

- 

10 


MIN 

CYCLE 

TC5564PL-15 

- 

- 


TC5564PL-20 

- 

- 

40 

IdD02 

Operating Current 

CE'i=0.2V and 
CE2 =Vdd-0.2V 

Other Input 
= Vdd- 0.2V/0.2V 
louT=OmA 

tcycle — 1 / 2 S 

- 

- 

5 


MIN 

CYCLE 

TC5564PL-15 

- 

- 

40 

TC5564PL-20 


- 


Iddsi 

Standby Current 

CEi=Vih or CE 2 =Vil 

- 

- 



IdDS2 

Standby Current 

CEi =Vdd— 0.2V or 

CE2 = 0.2V 

Vdd=2.0-5.5V 


- 



aA 

Ta = 60°C 

- 

- 

1 .0 

_ 


Note ; In standby mode with CEi ^Vdd— 0.2V, these specification limits are guaranteed under the condition of CE 2 ^Vdd— 0.2V or 
CE2^0.2V. 

CAPACITANCE (Ta = 25"C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 1 

CiN 

Input Capacitance 

Vin = GND 

.10 


CoUT 

Output Capacitance 

Vout=GND 

10 



Note ; This parameter is periodically sampled and is not 100% tested. 
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TC5564PL-15 
TC5564PL-20 


A. C. CHARACTERrSTICS (Ta = -30~85"C, Vdd=5V±10%) 


Read Cycle 



PARAMETER 

TC5564PL-15 

TC5564PL-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

150 

- 

200 

- 


tACC 

Address Access Time 

- 

150 

- 

200 

tcoi 

CEi Access Time 

- 

150 

- 

200 

tC02 

CE 2 Access Time 


150 

- 

200 

tOE 

Output Enable to Output in Valid 

— 

70 

— 

100 

tcOE 

Chip Enable (CEi), CE 2 to 

Output in Low-Z 

10 

- 

10 

- 

tOEE 

Output Enable to Output Low-Z 

5 

- 

5 

- 

too 

Chip Enable (CEi, CE 2 ) to Output in High-Z 

- 

70 

- 

100 

tODO 

Output Enable to 

Output High-Z 

- 

60 

- 

80 

tOH 

Output Data Hold Time 

20 

- 

20 

- 


Write Cycle 



PARAMETER 

TC5564PL-15 

TC5564PL-20 



MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

150 

- 

200 

- 


twp 

Write Pulse Width 

100 

- 

150 

- 


tew 

Chip Selection to End of Write 

120 

- 

180 

- 


tAW 

Address Set up Time 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tODW 

R/W to Output High-Z 

- 

70 

- 

100 


tOEW 

R/W to Output Low-Z 

10 

- 

10 

- 


tos 

Data Set Up Time 

70 

- 

80 

- 


tDH 

Data Hold Time 

0 

- 

0 

- 



A.C. TEST CONOITIONS 

Input Pulse Levels 

Timing Measurement Reference levels 

Input Pulse Rise and Fall Times 
Output Load 


2.4V/0.6V 
Input ; 2.2V/0.8V 
Output; 2.2V/0.8V 
5ns 

See Fig. 1 
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C • lOOpF (Including Jig) 
D •' IS 1588 or Equivarent 
Fig. 1 Output Load 








































• WRITE CYCLE 2 (4) (CE, Controlled Write) 




















TC5564PL-15 
TC5564PL-20 


Note : 

1. R/W is High for Read Cycle. 

2. Assuming that CEi Low transition or CE 2 High transition occurs coincident with or after R/W Low transition, Outputs 
remain in a hig h imp edance state. 

3. Assuming that CEi High transition or CE 2 Low transition occurs coincident with or prior to R/W High transition, 
outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERfSTtCS (Ta=-30~85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Ta = 25“C 

- 

0.01 

0.2 

A^A 

Ta = 60"C 

- 

- 

1 .0 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

//S 

tR 

Recovery Time 

tRCd) 

- 

- 

MS 


Note (1) : Read cycle time. 

• CEi Controlled Data Retention Mode (2) 



• CE 2 Controlled Data Retention Mode (4) 



2. In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V or CE2 ^Vdd-0.2V. 

3. Ifthe ViH of CEi is 2.2 V in operation, during the period that the Vdd Voltage is going down from 4.5V to 2.4V, Iddsi 
current flows. 

4. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V. 
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TC5564PL-15 
TC5564PL-20 


DEVICE INFORMATION 

The TC5564PL is an asynchronous RAM using 
address activated circuit technology, thus the inter¬ 
nal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 


only row address change, as is shown in the follow¬ 
ing figure. 

This peak current may induce the noise on Vdd/ 
GND line. Thus the use of about 0.1//F decoupling 
capacitor every device is recommended to eliminate such 
noise. 



Vdd- ^-^v 

Vil=0.2V 

HORIZON 200ns/div 


Fig. 


TYPICAL CURRENT WAVEFORMS 







"1 r- I I I 

NOTES : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry descnbed . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

OAug., 1985 Toshiba Corporation 

















TOSHIBA NIOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 
PRELIMINARY 


TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


DESCRIPTION 

TC5564APL is 65536 bits of static random access memory organized as 8192 words by 8 bits using CMOS technology, and 
operates with a single 5\/ power supply. 

Advanced circuit techniques provides a low power feature, a maximum operating current of 5mA/MHz. Operational current 
depends on cycle time. _ 

TC5564APL has three control inputs. Two chip enables (CE1, CE2) allow for device selection and data retention control. Output 
enable (OE) input provides fast memory access. When device is placed in standby mode with chip off state, standby current is 
typically 0.01/xA. So the TC5564APL is suitable for use in various microprocessor application systems where low power and 
battery back up are required. Ultra low standby power allow not only battery but capacitance backup. 

Pin assignment of TC5564APL is pin-compatible with the 64K bits EPROM (TMM2764D). RAM and EPROM are then 
interchangeable in the same socket, resulting in flexibility in the definition of the quantity of RAM versus EPROM in 
microprocessor application system. 

TC5564APL is offered in both a standard dual-in-line 28 pin plastic package (0.6 inch width) and small-out-line plastic flat 
package. 


FEATURES 

• Low Power Dissipation 

5mA/MHz (MAX.) Operating 

0.2/iA (MAX.) at Ta=25°C Standby 

1 .OjuA (MAX.) at Ta=60°C Standby 

• 5V Single Power Supply 

• Low Voltage Operation: Vdd=3V 

100=1/;^ (MAX.) Ta=60°C 

• Fully Static Operation 

• Data Retention Voltage: 2.0~5.5V 

• Plastic DIP and Plastic FP Package 

• Pin Compatible with 2764 type EPROM 


• Access Time 


— — 

TC5564APL-1 2 
TC5564AFL-12 

TC5564APL-15 

TC5564AFL-15 

Address Access Time (MAX.) 

120ns 

150ns 

CE1 Access Time (MAX.) 

120ns 

150ns 

CE2 Access Time (MAX.) 

120ns 

150ns 

Output Enable Time (MAX.) 

60ns 

70ns 


• Directly TTL Compatible: All Inputs and Outputs 

• Wide Teperature Operation: -40~85°C 

BLOCK DIAGRAM 


PIN CONNECTION 


(TOP VIEW) 


TC5564APL 


N.C. C 
A12 C 
A7 C 
A6 C ■ 
A5 C 
A4 C 
A3 C 7 
A2 C 8 
A1 C 9 
AO C 10 

1/01 C 11 
1/02 C 12 
1/03 C 13 
GND C 14 


28b Vdq 
27□ R/W 
26 [□ CE2 
25 b A8 
24 b A9 
23 □ All 
22 □ OE 
21 □ A10 
20 □ CET 
19 □ I/08 
18 □ I/07 
17 □ 1/06 
16 II 1/05 
15 □ 1/04 


64k bit EPROM 
TMM2764D 


Vpp C 1 
A12 C 2 
A7 C 3 
A6C4 
A5i: 5 
A4C6 
A3 C 7 
A2 C 8 
A1 C 9 
AOC 10 
OOCll 
01 C12 
02 C 13 
GNDC 14 


28 D Vdd 
27 □ P^ 
26 [n N.C. 
25 b A8 
24 b A9 

23 □ A11 
22 □ OE 
21 □ A10 
20 □ CE 
19 □ 08 
18 □ 07 
17 □ 06 
16D 05 
15 □ 04 



PIN NAMES 


OPERATING MODE 


AO ~ A12 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CET, CE2 

Chip Enable Input 

1/01 'I/08 

Data Input/Output 

VdD 

Power (-h5V) 

GND 

Ground 

N.C. 

No Connection 


Operation Mode 

CE1 

CE2 

OE 

R/W 

I/01 ~l/08 

Power 

Read 

L 

H 

L 

H 

Dout 


Write 

L 

H 

* 

L 

D|N 

Iddo 

Output Deselect 

* 

* 

H 

* 

High-Z 



H 

* 

* 

* 

High-Z 

'dds 

Standby 

* 

L 

* 

* 

High-Z 

'dds 
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TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

*VdD 

Power Supply Voltage 

-0.3~7.0 

V 

V|N 

Input Voltage 

-0.3*~Vqq 

V 

V|/0 

Input and Output Voltage 

-0.5~Vdd+0.5 

V 

Pd 

Power Dissipation 

1.0 <0.6)* 

w 

^solder 

Soldering Temperature 

260 ■ 10 

°C • sec 

^stg 

Storage Temperature 

-55-150 

°C 

^opr 

Operating Temperature 

-40~85 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS {Ta=~40~85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VdD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 


Vdd+0-3 

V 

V|L 

Input Low Voltage 

-0.3 


0.8 

V 

VdH 

Data Retention Supply Voltage 

2.0 


5.5 

V 


D.C. and OPERATING CHARACTERISTIC (Ta— 40~85°C, Vdd=5V±10% Unless otherwise noted) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|N 

Input Leakage Current 

V|n=0~Vod 



±1.0 

fjA 


Output High Current 

Voh=2.4V 

-1.0 



mA 

pH 

Output Low Current 

Vol=0.4V 

4.0 



mA 

VOH 

Output High Voltage 

IOH=-20mA 

VdD'O-I 



V 

VOL 

Output Low Voltage 

IOL=20mA 

- 


0.1 

V 

'lo 

Output Leakage 

Current 

CET=V|h or CE2 =V|l or R/W=V|l or 0 E=V|h, 
Vout=o~Vdd 



±1.0 

aA 

iDDOl 

Operating Current 

CE1=V|l and CE2= 

V||-|, Other lnput= 

V|h/V|l 

IouT=0'^A 

*cycle“^MS 


- 

10 

mA 

MIN 

CYCLE 

TC5564APL-12 

TC5564AFL-12 



45 

TC5564APL-15 
TC556'4AFL-15 


- 

40 

Idd02 

Operating Current 

CE1=0.2Vand CE2= 
VdP- 0.2V, Other 
lnput=VDD-0.2V/0.2V 
IOUT=0r^A 

^cycle“^MS 


- 

5 

mA 

MIN 

CYCLE 

TC5564APL-12 

TC5564AFL-12 


- 

40 

TC5564APL-15 

TC5564AFL-15 


- 

35 

'ddsi 

Standby Current 

CE1=V|h orCE2=V|L 


- 

2 

mA 

IdDS2 

Standby Current 

CE1=Vqq— 0.2V or 

CE2=0.2V 

Vqd=2.0~5.5V 

Ta=25°C 


0.01 

0.2 

fiA 

Ta=60°C 


- 

1.0 


Note: (1) In standby mode with CE1 >VdD“ 0-2V, those specification limits are guaranteed 

under the condition of CE2 >Vdd~ 0-2V or CE2<0.2V. 


(2) All voltage is measured from GND 

CAPACITANCE * (Ta=25°C, f=1 MHz) 


SYMBOL 

PARAMETER 

CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|n=GND 

10 

PF 

COUT 

Output Capacitance 

Vout=gnd 

10 

PF 


* This parameter is periodically sampled and is not 100% tested. 

















TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


A.C. CHARACTERISTICS (Ta=-40~85°C, Vdd=5V±10%) 
READ CYLCE 


SYMBbL 

PARAMETER 

TC5564APL-12 
TC5564AFL-12 

TC5564APL-15 
TC5564AFL-15 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

120 


150 



tACC 

Address Access Time 

- 

120 

- 

150 


tcoi 

CE1 Access Time 

- 

120 

- 

150 


*C02 

CE2 Access Time 

- 

120 

- 

150 


‘OE 

Output Enable to Output in Valid 

- 

60 

- 

70 

ns 

'COE 

Chip Enable (CE1, CE2) Output in Low-Z 

10 


10 



tOEE 

Output Enable to Output Low-Z 

5 


5 



too 

Chip Enable (CE1, CE2) Output in High-Z 

- 

60 

- 

70 


tODO 

Output Enable to Output in High-Z 


50 

- 

60 


‘OH 

Output Data Hold Time 

20 


20 




WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5564APL-12 
TC5564AFL-12 

TC5564APL-15 

TC5564AFL-15 

UNIT 



MIN. 

MAX. 


MAX. 


<wc 

Write Cycle Time 

120 


150 



twp 

Write Pulse Width 

80 


100 

- 


tew 

Chip Selection to End of Write 

100 


120 



tAS 

Address Set Up Time 

0 


0 



tWR 

Write Recovery Time 

0 


0 


ns 

tODW 

R/W to Output High-Z 

- 

60 


70 


tOEW 

R/W to Output Low-Z 

10 


10 



tDS 

Data Set Up Time 

50 


60 



tDH 

Data Hold Time 

0 


0 




AC TEST CONDITIONS 

• Input Pulse Levels 

• Tinning Measurement Reference Levels 

• Output Reference Levels 

• Input Pulse Rise and Fall Time 

• Output Load 


2.4V/0.6V 

2.2V/0.8V 

2.2V/0.8V 

5ns 


VdD 



R1 : 2.4kn 
R2 : 81 on 

C : lOOpF (include Jig) 

D : 1S1588 (or Equivaler 


See Fig. 1 


Fig, 1 Output Load 
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TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


3V OPERATION SPECIFICATION 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta=-10~60°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VdD 

Power Supply Voltage 

2.7 

3.0 

3.3 

V 

V|H 

Input High Voltage 

VdD“0-2 


Vdp 

V 

V|L 

Input Low Voltage 

0 


0.2 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=-10-60°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

l|N 

Input Leakage Current 

V|tM=0~VDD 



1.0 

juA 

'lo 

Output Leakage Current 

C^V|H or CE2 =V|l or R/W=V|l 
or 0 E=Vih, Vout=0'-Vdd 



1.0 

IjA 

'oh 

Output High Current 

^OH=Vdd-0-2V 

-100 



mA 

'OL 

Output Low Current 

Vol=0.2V 

100 



/iA 

VOH 

Output High Voltage 

'oh — 20mA 

VdD“0.1 



V 

VOL 

Output Low Voltage 

IOL=20/xA 



0.1 

V 

Iddo* 

Operating Current 

CE1-V|l and CE2 =V|h 
O ther input = 
Vq 0-O.2V/O.2V 
lOUT^OtiA, duty 100% 

■SHI 


2.0 

3.0 

mA 


- 

■m 

■g 

'dds 

Standby Current 

CET=V|l and CE2 =V|h 
orCE2=V|L 

Ta=25X 


0.01 

0.2 

fiA 

Ta=60°C 



1.0 


• All voltage is measured from GND. 

* IdDO is slightly dependent on input pulse tr, tf. If a long tr, tf pulse is applied, there is some transient 
current at the input stage. These specifications are guaranteed with tr, tf ^ 20ns. 











3V OPERATE SPECIFICATION 


TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


A.C. CHARACTERISTICS (Ta=-10~60°C, Vdd=3V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP.* 

MAX. 

UNIT 

tRC 

Read Cycle Time 

1000 



ns 

Ucc 

Address Access Time 

- 

300 

1000 

<C01 

CE1 Access Time 

- 

300 

1000 

tC02 

CE2 Access Time 

- 

300 

1000 

tOE 

Output Enable to Output Valid 

- 

100 

200 

tOH 

Output Data Hold Time 

20 



tCOE 

Chip Enable to Output in Low Z 

10 



tOEE 

Output Enable to Output in Low Z 

5 



tOD 

Chip Enable to Output in High Z 

- 

- 

200 

to DO 

Output Enable to Output in High Z 

- 


150 


WRITE CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP.* 

MAX. 

UNIT 

twc 

Write Cycle Time 

1000 

- 


ns 

twp 

Write Pulse Width 

500 



tew 

Chip Selection to End of Write 

800 



tAS 

Address Set Up Time 

100 



tWR 

Write Recovery Time 

100 



tDS 

Data Set Up Time 

400 


- 

tDH 

Data Hold Time 

50 



tODW 

R/W to Output High Z 

- 


200 

tOEW 

R/W to Output Low Z 

10 

- 



* Typ. condition is Ta=25°C, Vdq=3V 


A.C. TEST CONDITIONS 

• V|N=VdD-0.2V/0.2V 

« Output Reference Level: 1.5V/1.5V 

• Timing Measurement Level: 1.5V/1.5V 

• Input Pulse Rise and Fall Time: < 20ns 

• Output Load: 100pF (Include Jig) 
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TC55©4APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


NOTE: 


(1) R/W is High for Read Cycle. 

(2) Assuming that CE1 Low transition or CE2 High transition occurs coincident with 
or after R/W Low transition, Outputs remain in a high impedance state. 

(3) Assuming that CE1 High transition or CE2 Low transition occurs coincident with 
or prior to R/W High transition, outputs remain in a high impedance state. 

(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state 
during this period. 


DATA RETENTION CHARACTERISTICS (Ta=-40~85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VdH 

Data Retention Supply Voltage 

2.0 


5.5 

V 

IdDS2 

Standby Current 

Ta=25°C 

- 

0.01 

0.2 

mA 

Ta=60°C 

- 


1.0 

‘CDR 

Chip Deselection to Data Retention Mode 

0 

- 


fiS 

tR 

Recovery Time 

tRC(1) 



/xS 


CE1 Controlled Data Retention Mode (2) 








TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


CE2 Controlled Data Retention Mode (4) 



Note: 

(1) 

tRc: Read Cycle Time 




(2) 

In CE1 controlled data retention mode, minimum standby 
achieved under the condition of CE2 ^ 0.2V or CE2 ^ VdD“ 

current 

-0.2V. 

mode is 


(3) 

If the V|H of CE1 is 2.2V in operation, during the period that the VpD Voltage 
is going down from 4.5V to 2.4V, IpDSI current flows. 


(4) 

In CE2 controlled data retention mode, minimum standby 
achieved under the condition of CE2 ^ 0.2V. 

current 

mode is 


DEVICE INFORMATION 

The TC5564APL is an asynchronous RAM using address activated circuit technology, thus the 
internal operation is synchronous. Once a row address change occurs, the precharge operation is 
executed by an internal pulse generated from the row address transients. Therefore the peak current 
flows after only row address changes, as is shown in the following figure. 

This peak current may induce the noise on Vdd/GND line. Thus the use of about 0.1/xF decoupling 
capacitor for every device is recommended to eliminate such noise. 


'/DD=5.5V 

V|h=5.3V 

V|l=0.2V 

HORIZON 200ns/div 



Fig. TYPICAL CURRENT WAVEFORMS 
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TC556 

TC556 



DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


Unit in mm (inches) 


28 27,26 25 24 23 22 21 20 19 18 17 16 15 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 I 

38.0(1.50)MAX. 


15.24(.600)+0.25(.010) 


WVVVVMVIVUV ' 25(010)+°^(004) 

0.5(.020)±0.15(.006) | 2.54(.100)±0.25(.010) 11 -0.05(.00^ ' 

'i.4(.055)±0.15(.006)“H-- I— 


Note: Lead pitch is 2.54mm and tolerance is ±0.25mm against theoretical center of 
each lead that is obtained on the basis of No. 1 and No. 28 leads. 


MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 


28 27 26 25 24 2322 21 20 1918 17 16 15 



Unit in mm (inches) 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 



18.9(.744)MAX. 


0.43(.017)±0.1 (.004) ■27(.050)±0.05(.002) 


11.8(.465)±0.3(.012) 


1.5(.059)±0.4(.016) 


Note: Lead pitch is 1.27mm and tolerance is +0.12mm against theoretical center of 
each lead that is obtained on the basis of No. 1 and No. 28 leads. 
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TOSHIBA MOS MEMORY PROOUCTS 


8,192 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC5565PL-12, TC5565PL-15 
TC5565FL-12, TC5565FL-15 


DESCRIPTION 

The TC5565P is 65,536 bit static random access 
memory organized as 8,192 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1 20ns/1 50ns. _ 

When CEi is a logical low or CEi is a logical 
high, the device is placed in low power standby 
mode in which standby current is 2/iA typically. The 
TC5565P has three control inputs. Two chip enables 
(CEi, CE 2 ) allow for device selection and data reten- 
tion control, and an output enable input (OE) pro¬ 


vides fast memory access. Thus the TC5565P is 
suitable for use in various microprocessor application 
systems where high speed, low power, and bettery 
back up are required. 

The TC5565P also features pin compatibility with 
the 64k bit EPROM (TMM2764D). RAM and EPROM 
are then interchangeable in the same socket, result¬ 
ing in flexibility in the definition of the quantity of 
RAM versus EPROM in microprocessor application 
systems. 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 


FEATURES 

• Low Power Dissipation 
27.5mW/MHz(Max.) Operating 

• Standby Current: 100mA(MAX.) 

• 5V Single Power Supply _ 

• Power Down Features : CE 2 , CEi 

• Fully Static Operation 

• Data Retention Supply Voltage 
: 2.0-5.5V 


PIN CONNECTION (TOP VIEW) 


64k tit EPROM 

TC5565PL TMM2764D 

N.C. 

A12 
Av 
A6 
A5 
A4 
A3 
A2 
Al 
AO 

I/Oi 

I/O 2 

1/03 

OND 


PIN NAMES 


Ao~Ai2 

Address Inputs 

R/W 

Read/Write Control Input 


Output Enable Input 

m 

n 

m 

Chip Enable Inputs 

l/0l~l/08 

Data Input/Output 

Vdd 

Power ( + 5V) 

GND 

Ground 

N. C. 

No Connection 



-/■— 

28 


Vdd 

Vpp 

( 


28 

C2 

27 


R/W 

A12 

1 

2 

27 

[3 

26 


CE2 

A7 

[ 

3 

26 

[4 

25 

3 

A8 

A6 

[ 

4 

25 

t 5 

24 

D 

A9 

As 

c 

5 

24 

C6 

23 

3 

All 

A4 

[ 

6 

23 

C'7 

2 < 

3 

OE 

A3 

[ 

7 

22 

[8 

21 

3 

AlO 

A2 

[ 

8 

21 

C9 

20 

3 

CEl 

Al 

[ 

9 

20 

[10 

19 

3 

1/08 

Ao 

[ 

10 

19 

til 

18 

3 

I/O 7 

00 

[ 

11 

18 

[12 

17 

3 

1/06 

01 

[ 

12 

17 

[13 

16 

3 

I/O 5 

O 2 

[ 

13 

16 

[ 14 

15 

] 

I/O 4 

OND 

[ 

14 

15 


05 


• Access Time 



TC5565PL-12 

TC5565FL-12 

TC5565PL-15 

TC5565FL-15 

Address Access Time 
(MAX.) 

1 20ns 

1 50ns 

CEi Access Time 
(MAX.) 

120ns 

1 50ns 

CE 2 Access Time 
(MAX.) 

120ns 

1 50ns 

Output Enable Time 
(MAX.) 

60ns 

70ns 


• Directly TTL Compatible : All Inputs and Outputs 

• Standard 28 Pin DIP : TC5565PL-1 2/PL-1 5 

• Plastic Flat Package ; TC5565FL-1 2/FL-1 5 

• Pin Compatible with 2764 type EPROM 

BLOCK DIAGRAM 



-291 — 















TC5565PL-12, TC5565PL-15 
TC5565FL-12, TC5565FL-15 


OPERATION MODE 


OPERATION MODE 

ce7 

CE2 

OE 

R/W 

l/Oi-l/Os 

POWER 

Read 

L 

H 

L 

H 

Dout 

Iddo 

Write 

L 

H 

* 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

* 

* 

High-Z 

Idds 

♦ 

L 

* 

♦ 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-0.3*~7.0 

V 

Vi/0 

Input and Output Voltage 

— 0.5—Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

W 

Tsolder 

Soldering Temperature 

260-10 

"C-Sec 

Tstg 

Storage Temperature 

-55-150 

■c 

Topr 

Operating Temperature 

O 

1 

o 



♦.-2.0V at Pulse width 10ns ♦♦ •••Flat package 


O. C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 



VOD 

Power Supply Voltage 

4.5 

5.0 

5.5 


ViH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


p. C and OPERATING CHARACTERISTICS (Ta=0~70 c, Vdd=5V± i o%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Leakage Current 

ViN = 0 —Vdd 

- 

- 

±1.0 

//A 

loH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage Current 

CEi=Vih orCE 2 =ViH or 

R/W = Vil or OE=Vih 

VouT=0 —Vdd 

- 

- 

±1 .0 

aA 

Iddoi 

Operating Current 

Vdd = 5.5V 

^ =VlL 

CE2= ViH 

Other Input 

= Vih/Vil 

tCYCLE= 1;[/S 

- 

- 

10 

mA 

tcYCLE= Min. cycle 

- 


45 

mA 

IdD02 

Operating Current 

Vdd=5.5V 

^=0.2V 

CE2=Vdd-0.2V 

Other Input 

= Vdd-0.2V/0.2V 

tCYCLE= 1;«s 

- 

- 

5 

mA 

tcYCLE= Min. cycle 

- 

- 

40 

mA 

Iddsi 

Standby Current 

cri=ViH orCE 2 =ViL 

- 

- 

3 

mA 

*IdDS2 

Standby Current 

^=Vdd- 0.2V or 

CE2=0.2V 

Vdd = 2.0-5.5V 

- 

2 

100 

/.A 


Note ; In standby mode with CEi^Vdd— 0.2V, these specification limits are guaranteed under the condition of CE 2 ^Vdd— 0.2V or 
CE2^0.2V. —292 — 









































TG5565PL-12, TC5565PL-15 
TC5565FL-12, TC5565FL-15 


CAPACITANCE (Ta = 25 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

CoUT 

Output Capacitance 

Vout=GND 

10 

PF 


Note : This parameter periodically sampled is not 100% tested. 


A. C. CHARACTERISTICS (Ta = 0~70“C, Vdd = 5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC5565PL-12 

TC5565FL-12 

TC5565PL-15 

TC5565FL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

Vin = 2.4V/0.6V 

Vih = 2.2V 

Vil=0.8V 

tr, tf^Bns 

Voh = 2.2V 

Vol=0.8V 

Output Load : CL(100pF)and 

1 'TTL Gate 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 

- 

120 

- 

150 

ns 

tcoi 

CEi Access Time 

- 

120 

- 

150 

ns 

tC02 

CE 2 Access .Time 

- 

120 

- 

150 

ns 

tOE 

Output Enable to Output In Valid 

- 

60 

- 

70 

’ns 

tCOE 

Chip Enable (CEi, CE 2 ) to 

Output in Low-Z 

10 

- 

10 

- 

ns 

tOEE 

Output Enable to Output Low-Z 

5 

- 

5 

- 

ns 

too 

Chip Enable (CEi, CE 2 )to 

Output in High-Z 

- 

60 

- 

70 

ns 

tODO 

Output Enable to 

Output in High-Z 

- 

50 

- 

60 

ns 

tOH 

Output Data Hold Time 

20 

- 

20 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC5565PL-12 

TC5565FL-12 

TC5565PL-15 

TC5565FL-15 

UNIT 

MIN, 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

Vin = 2.4V/0.6V 

Vih = 2.2V 

Vil=0.8V 

tr, f^5ns 

_ 

120 

- 

150 

- 

ns 

twp 

Write Pulse Width 

80 

- 

100 

- 

ns 

tew 

Chip Selecion to End of Write 

100 

- 

120 

- 

ns 

tAS 

Address Set up Time 

0 

- 

0 

- 

ns 

twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tWRI 

Write Recovery Time (CEi, CE 2 ) 

10 

- 

10 

- 

ns 

tODW 

R/W to Output High-Z 

- 

50 

- 

70 

ns 

tOEW 

R/W to Output Low-Z 

10 

- 

10 

- 

ns 

tos 

Data Set Up Time 

50 

- 

60 

- 

ns 

tOH 

Data Hold Time 

0 

- 

0 

- 

ns 

tOHI 

Data Hold Time (CEi, CE 2 ) 

10 

- 

10 

- 

ns 


Note : Input Pulse Levels = ViN 

Timing Measurement Reference Levels = ViH, Vil 
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• WRITE CYCLE 2 (4) (CEI Controlled Write) 



• WRITE CYCLE 3 (4) (CE2 Controlled Write) 


twc 











Note : 

1 . R/W is High for Read cycle, 

2. Assuming that CEi low transition of CE 2 High transition occurs coincident with or after R/W Low transition, Outputs 
remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occurs coincident with or prior to R/W High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedane state during this period. 

DATA RETENTION CH/^ACTERISTICjS (Ta-0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 



TC5565PL-12 
PL-15 

Vdd = 3.0V 


- 

50 

IdDS2 

0Lolitjuy ou^^^iy v_«uiicml 

FL-12 

FL-15 

_ 

Vdd = 5.5V 

- 


100 

tCDR 

Chip Deselection to Data Retntion Mode 

0 

- 

- 

tR 

Recovery Time 

tRCd) 

_ 1 


- 


Note (1) : Read cycle time. 

• CEI Controlled Data Retention Mode (2) 


Data Retention Mode 




• CE2 Controlled Data Retention Mode (4) 


Data Retention Mode 










TC5565PL-12, TC5565PL-15 
TC5565FL-12, TC5565FL-15 


Note : 

2. In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V or CE2 ^Vdd-0.2V. 

3. If the ViH of CEi is 2 .2V in operation, Iddsi current flows the period that the Vdd voltage is going down from 4.5V 
to 2.4V. 

4. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V. 

DEVICE INFORMATION 

The TC5565P is an asyncnronous RAM using address activated circuit technology, thus the internal operation 
is synchronous. Then once row address change occur, the percharge operation is executed by internal pulse 
generated from row address transient. Therefore the peak current flows only after row address change, as shown 
in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 0.1;t/F. decoupling 
capacitor for every device is recommended to eliminate such noise. 


ADDRESSES 


f DDO 



^DD— 

VjH = 5.3V 
Vif = a2V 

Horizon 200nS/div 


Fig. 


TYPICAL CURRENT WAVEFORMS 











18.9MAX 


Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 


• MFP 28 PIN OUTLINE DRAWING (F28GC-P) 


Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis 
of No.l and No.28 leads. 
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OSHIBA MOS MEMORY PRODUCT 


8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 


TC5565PL-12L, TC5565PL-15L 
TC5565FL-12L TC5565FL-15L 


DESCRIPTION 

The TC5565P/F is 65,536 bit static random 
access memory organized as 8,192 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 120ns/1 50ns. When CE 2 is a logical 
low or CEi is a logical high, the device is placed in 
low power standby mode in which standby current is 
0.6j«A typically. The TC5 565 P/F has three control 
inputs. Two chip enables (CEi, CEi) allow for device 
selection and data retention control, and an output 


enable input (OE) provides fast memory access. Thus 
the TC5565P/F is suitable for use in various micro¬ 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5565P also features pin compatibility with 
the 64k bit EPROM (TMM2764D). RAM and EPROM 
are then interchangeable in the same socket, result¬ 
ing in flexibility in the definition of the quantity of 
RAM versus EPROM in microprocessor application 
systems. 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 


FEATUtti#-' 

• Low Power Dissipation 
27.5mW/MFIz(Max.) Operating 

• Standby Current; l//A(Max.) Ta = 25°C 

• 5V Single Power Supply _ 

• Power Down Features : CEz, CEi 

• Fully Static Operation 

• Data Retention Supply Voltage 
: 2.0~5.5V 


PIN CONNECTION (TOP VIEW) 


64k bit EPROM 

TCSbeSP/lf TMM2764D 



PIN NAMES 


> 

0 

> 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE? 

Chip Enable Inputs 

I/Oi-I/Os 

Data Input/Output 

VoD 

Power (-I-5V) 

GND 

Ground 

N. C. 

No Connection 


• Access Time 



TC5565PL-12L 

TC5565FL-12L 

TC5565PL-15L 

TC5565FL-15L 

Address Access Time 
(MAX.) 

120ns 

150ns 

CEi Access Time 
(MAX.) 

120ns 

150ns 

CE 2 Access Time 
(MAX.) 

120ns 

150ns 

Output Enable Time 
(MAX.) 

60ns 

70ns 


• Directly TTL Compatible : All Inputs and Outputs 

• Standard 28 Pin DIP : TC5565PL-12L/PL-15L 

• Plastic Flat Package : TC5565FL-12L/FL-1 5L 

• Pin Compatible with 2764 type EPROM 

BLOCK DIAGRAM 
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TC5565PL-12L, TC5565PL-15L 
TC5565FL-12L, TC5565FL-15L 


OPERATION MODE 


OPERATION MODE 


CE 2 

OE 

R/W 

d 

T 

0 

POWER 

Read 

L 

H 

L 

H 

Dour 


Write 

L 

H 

* 

L 

Din 



L 

H 

H 

H 

High-Z 


Standby 

H 

* 

* 

♦ 

High-Z 

Idds 

♦ 

L 

♦ 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-0.3*~7.0 

V 

Vi/0 

Input and Output Voltage 

—0.5—Vdd + 0.5 

V * 

Pd 

Power Dissipation 

1.0/0.6** 

W 

Tsolder 

Soldering Temperature 

260-10 

°C-Sec 


Storage Temperature 

-55-150 

"C 

Topr 

Operating Temperature 

0-70 

"C 


* .— 2.0V at Pulse width 10ns 

♦ * ■••Flat package 


D. C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 























TC5565PL-12L, TC5565PL-15L 
TC5565FL-12L, TC5565FL-15L 


D. C and OPERATING CHARACTERISTICS . (Ta = 0~7O”C, Vdd = 5V±io%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP.’ 

MAX. 

UNIT 

III 

Input Leakage Current 

ViN = 0 --Vdd 

- 

- 

±1.0 

aA 

loH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

loL 

Output Low Current 

Vol=0.4V 

4.0 


- 

mA 

Ilo 

Output Leakage Current 

CEi = Vih or CE 2 =Vil or 

r/W=Vil or ^=ViH 

Vout=0~Vdd 

- 


±1 .0 

aA 

Iddoi 

operating Current 

Vdd = 5.5V 

^=V|L 

CE2 = Vih 

Other lnput=ViH/ViL 

tCYCLE- 1;US 

- 

- 

10 

mA 

tcYCLE = IVlin. cycle 

- 

- 

45 

IdD02 

Operating Current 

Vdd = 5.5V 

CE7=0.2V 

CE2 = Vdd-0.2V 

Other Input 

=Vdd-0.2V/0.2V 

tCYCLE= 1 


- 

5 

mA 

tcYCLE = Min. cycle 


- 

40 

Iddsi 

Standby Current 

CEi=Vih or CE 2 =Vil 

- 

- 

3 

mA 

*IdDS2 

Standby Current 

CEi = Vdd- 0.2V or 

CE2=0.2V 

Ta = 25“C 

- 

0.6 

1 .0 

aA 

Ta = 0~70”C 

- 

- 

30 


Note : In standby mode with CEi^Vdd— 0.2V, these specification limits are guaranteed under the condition of CE2^Vdd-0. 2V or 
CE 2 SO. 2 V. 


CAPACITANCE (Ta=25 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

VouT —GND 

10 

PF 


Note : This parameter periodically sampled is not 1 00% tested. 
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A. C. CHARACTERISTICS (Ta=0-70-c, Vdd=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC5565PL-12L 

TC5565FL-12L 

TC5565PL-15L 

TC5565FL-15L 

UNIT 




MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

Vin = 2.4V/0.6V 

120 

- 

150 


ns 

tACC 

Address Access Time 

Vih = 2.2V 

- 

120 

- 

150 

ns 

tCOi 

CEi Access Time 

Vil = 0.8V 

- 

120 

- 

150 

ns 

tco. 

CEa Access Time 

tR, tp^Bns 

- 

120 

- 

150 

ns 

tOE 

Output Enable to Output in Valid 

Voh = 2.2V 


60 

- 

70 

ns 

tcOE 

Chip Enable (CEi, CE 2 ) to 

Output in Low-Z 

Vol=0.8V 

10 

- 

10 

- 

ns 

tOEE 

Output Enable to Output Low-Z 

Output Load : Cl(IOOpF) and 

5 

- 

5 

- 

ns 

too 

Chip Enable (CEi, CE 2 ) to 

Output in High-Z 

l-TTL Gate 

- 

60 

- 

70 

ns 

tODO 

Output Enable to 

Output in High-Z 


- 

50 

- 

60 

ns 

tOH 

Output Data Hold Time 


10 

- 

10 

- 

ns 


Write Cycle 



PARAMETER 

TEST CONDITION 

TC5565PL-12L 

TC5565FL-12L 

TC5565PL-15L 

TC5565FL-15L 

UNIT 




MAX. 

twc 

Write Cycle Time 

Vin = 2.4V/0,6V 

Vih = 2.2V 

Vil=0.8V 

tR, tF^5ns 


- 


- 

ns 

twp 

Write Pulse Width 

80 

- 


- 

ns 

tew 

Chip Selection to End of Write 


- 


- 

ns 

tAS 

Address Set up Time 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tWRI 

Write Recovery Time (CEi, CE 2 ) 


- 

10 

- 

ns 

tODW 

R/W to Output High-Z 

- 


- 


ns 

tOEW 

R/W to Output Low-Z 

10 

- 

10 

- 

ns 

tos. 

Data Set Up Time 


- 


- 

ns 

tOH 

Data Hold Time 


- 

0 

- 

ns 

toHI 

Data Hold Time (CEi, CE 2 ) 

10 

- 

10 

- 

ns 


Note : Input Pulse Levels = ViN 

Timing Measurement Reference Levels=ViH, Vil 
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TIMMQ WAVEFORMS 

• READ CYCLE (1) 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 
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TC5565PL-12L, TC5565PL-15L 
T65565 


• WRITE CYCLE 2 (4) (CEi Controlled Write) 


^WC 


ADDRESSES \ 

Vtt. — r 

' -- - V 





t^p 

^WRl 

I--- -1 




r 1 








1 

\ 

^CW 




, 1 ^CW 


ViL — 

^COE 


_ 

t'ODW 



_ 'JJ, 


_ 

'"OUT -^ 

6r 

^DS 

^DHl 


r 




^ DATA IN ^ 
^ STABLE ; 

k_ 


• WRITE CYCLE 3 (4) (CE 2 Controlled Write) 
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TC5565PL-12L, TC5565PL-15L 
TC5565FL-12L, TC5565FL-15L 

Note : _ 

2. In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V orCE2^DD-0.2V. 

3. If the ViH of CEi is 2.2V in operation. Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

4. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V. 


DEVICE INFORMATION 


The TC5565P/F is an synchronous RAM using 
address activated circuit technology, thus the inter¬ 
nal operation is synchronous. Then once row 
address change occur, the percharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 
1/<F decoupling capacitor for every device is 
recommended to eliminate such noise. 
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Pig. TYPICAL CURRBMT WAVEFORMS 


Vdd=SiSV 
ViH=!i3V 
Vii,= a2V 

Horizon lOOnS/div 


• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


Note 



Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.l and No.28 leads. 


• MFP 28 PIN OUTLINE DRAWING (F28GC-P) 

nnnnnnnnnnnnnn 

UTIUUUUUUU'UUUUU 

1 14 


Unit In nn 


X 

laSMAX ^ 

o 

c3 


113±Q3 


if> 

a 


-u 

a4S±ai i.27±aos 

: : 


fi - 

i^±a4 

<3 





Note : Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis 
of No.l and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

OAug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

10, TC5565AFL-10 
12, TC5565AFL-12 
TC5565APL-15, TC5565AFL-15 

DESCRIPTION 

The TC5565APL/AFL is 65,536 bit static random access memory organized as 8,192 words by 8 bits using CMOS 
technology, and operates from a single 5V supply. Advanced circuit techniques provide both high speed and low power 
features with a maximum oper ating current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 

When CE2 is a logical low or CE1 is a logical high, the device is placed in low power stan dby mode in which standby 
current is 2jaA typically. The TC5565APL/AFL has three control inputs. Two chip enables (CE1, CE2) allow for device 
selection and data retention control, and an output enable input (OE) provides fast memory access. Thus the 
TC5565APL/AFL is suitable for use in various microprocessor application systems where high speed, low power, and 
battery back up are required. 

The TC5565APL also features pin compatibility with the 64K bit EPROM (TMM2764D). 

RAM and EPROM are then interchangeable in the same socket, resulting in flexibility in the definition of the quantity of 
RAM versus EPROM in microprocessor application systems. 

The TC5565APL is offered in a dual-in-line 28 pin standard plastic package. The TC5565AFL is offered in 28 pin mini Flat 
Package 


8,192 WORDS BITCMOSSTATIC RAM 

SILICON GATE MOS 


TC5565APL 

TC5565APL 


FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current : 100/i.A (Max.) Ta=70°C 

• Access Time 

TC5565APL/AFL-10 : 100ns (Max.) 
TC5565APL/AFL-12 : 120ns (Max.) 
TC5565APL/AFL-15 : 150ns (Max.) 

• 5V Single Power Supply _ 

• Power Down Features: CE 2 , CEi 

• Fully Static Operation 

• Data Retention Supply Voltage: 2.0~5.5V 

PIN CONNECTION (TOPVIEW) 

64k bit EPROM 

TC5565APL/AFL TMM2764D 


• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

TC5565APL 

300 mil DIP 
(Slim Package) 

*TC5563APL 

Flat Package 
(SOP) 

TC5565AFL 


* See TC5563APL Technical Data. 


BLOCK DIAGRAM 


Vdd 

R/W 
CE 2 
3 Aa 
3 Ag 
3^1 
3 0E 

^ A-io 
3 CEi 
3 i/oa 
3 I/O7 
3 1/06 
3 I/O5 
3 I/O4 


PIN NAMES 



Vpp c 1 
Ai 2 C 2 
A7 C 3 
Ae c 4 
A5 C 5 
A4 C 6 

A 3 C 7 
^2 t 8 
Ai C 9 
Aq C 10 
Oq C 11 
Oi C 12 
O2 C 13 
GND C 14 


28 : Vqc 

27 ] PGM 
26 3 N.C. 
25 3 Aa 
24 3 Ag 
23 3 All 
22 3 OE 
21 3 ^0 
20 3 CE 
19 3 O7 
18 3 Oe 
17 3 O5 
16 3 O4 
15 3 O3 


Ao~Ai 2 

Address Inputs 

R/W 

Read/Write Control Input 

Oe 

Output Enable Input 

^1 , CE2 

Chip Enable Input 

CO 

0 

T 

Data Input/Output 

VdD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 


Ac ( 

A6 0-H^ 


CLOCK 

GENERATOR 

■ 

PRECHARGE I 

CIRCUIT 1 

i 1 1 


- 



A7 0-4OT 


Aso-U^H 


A90— 

Al 0 O— -{5 


Alio— 

A 120 — 

1/01 


m 

LU 

CC 

DCC 
D LU 

<S 

§8 
Olu 
CE Q 


MEMORY CELL 
ARRAY 
256 X 256 
(65536) 


Vdd 

GND 




I/Os 


D o 


R/W o- 




OE o- 


CE2 0-t>0-9->. 

CE 10 - 


SENSE AMP. 


COLUMN DECODER 





CE 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


OPERATION MODE 


OPERATION MODE 

CEi 

CE2 

6e 

R/W 

CO 

o 

7 

o 

POWER 

Read 

L 

H 

L 

H 

dqut 

'ddo 

Write 

L 

H 

* 

L 

D|N 

'ddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

'ddo 

Standby 

H 

* 

* 

* 

High-Z 

'dds 

* 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VpD 

Power Supply Voltage 

-0.3~7.0 

V 

VlN 

Input Voltage 

*-0.3~7.0 

V 

V|/0 

Input and Output Voltage 

—0.5~Vdq-F0.5 

V 

Pd 

Power Dissipation 

1 .0/0.6** 

w 

^solder 

Soldering Temperature 

260-10 

°C ■ sec 

’’’stg 

Storage Temperature 

-55-150 

°C 

Q. 

O 

1 - 

Operating Temperature 

0-70 

’C 


* -3.0V at pulse width 50ns MAX. ** Flat package 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VdD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd+0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

VdH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


— 300 — 


























































































TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, Vdd=5V±1 0%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage 

Current 

V|n=0~Vdd 



±1.0 

mA 

lOH 

Output High Current 

Voh=2.4V 

-1.0 



mA 

'OL 

Output Low Current 

Vol=0.4V 

4.0 



mA 

Ilo 

Output Leakage 

Current 

C E"! =V|)-| or CE 2 =Vqi_ or 

R/W=Vil or^=V|H 

VoUT=0~Vqd 

■ 

■ 

±1.0 

mA 

IPDOI 

Operating Current 

Vq0=5.5V 

^1=V|L 

CE2=V|h 

Other input = 
V|H/V|L 

^cycle~^ 



10 

mA 

TC5565APL-10 

TC5565AFL-10 

'cycle 

=100ns 



45 

mA 

TC5565APL-12 

TC5565AFL-12 

'cycle 

=120ns 



40 


TC5565APL-15 

TC5565AFL-15 

'cycle 
=150ns 



35 


IdD02 

VdD=5.5\/ 

CTi =0.2V 
CE2=V0 q— 0.2 V 
Other input= 
V00-O.2V/O.2V 

tcycle~^ 

- 


5 

mA 

TC5565APL-10 
TC5565AFL-10 

'cycle 

=100ns 



40 

mA 

TC5565APL-12 

TC5565AFL-12 

'cycle 

=120ns 



35 

mA 

TC5565APL-15 

TC5565AFL-15 

'cycle 
=150ns 



30 

mA 

IPDSI 

Standby Current 

C E-| =V|h or CE 2 =V||_ 

■■ 


3 

mA 

*IdDS2 

CEi=V00-O.2V or 

CE2=0.2V 

Vdd=5.5V 


2 

100 

aA 

Vdd=3.0V 

- 

1 

50 

aA 


Note * : In standby mode with CEi ^ Vdd^ 0-2V, these specification limits are guaranteed under the 
condition of CE 2 ^ VdD“ 0-2V or CE 2 ^ 0.2V. 


CAPACITANCE (Ta=24°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|fv(=GND 



10 

PF 

Gout 

Output Capacitance 

Vout=gnd 



10 

PF 


Note: This parameter periodically sampled is not 100% tested. 
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SYMBOL 

PARAMETER 

TC5565APL-10 

TC5565AFL-10 

TC5565APL-12 
TC5565AFL-12 

TC5565APL-15 
TC5565AFL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

‘rc 

Read Cycle Time 

100 


120 

- 

150 


ns 

‘ACC 

Address Access Time 

- 

100 


120 


150 

ns 

‘C01 

CEi Access Time 

- 

100 


120 

- 

150 

ns 

‘C02 

CE 2 Access Time 

- 

100 

- 

120 

- 

150 

ns 

‘OE 

Output Enable to Output Valid 

- 

50 

- 

60 


70 

ns 

‘COE 

Chip Enable (CEi, CE 2 ) to Output in Low-Z 

10 

- 

10 

- 

15 

- 

ns 

‘CEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

‘CD 

Chip Enable (CEi, CE 2 ) to Output in High-Z 

- 

35 


40 


50 

ns 

‘ODD 

Output Enable to Output in High-Z 


35 


40 


50 

ns 

‘OH 

Output Data Hold Time 

20 

- 

20 

- 

20 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10 

TC5565AFL-10 

TC5565APL-12 
TC5565AFL-12 

TC5565APL-15 
TC5565AFL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

‘wc 

Write Cycle Time 

100 


120 

- 

150 


ns 

‘WP 

Write Pulse Width 

60 


70 

- 

90 


ns 

‘cw 

Chip Selection to End of Write 

80 


85 

- 

100 


ns 

‘as 

Address Set Up Time 

0 


0 

- 

0 


ns 

‘WR 

Write Recovery Time 

0 

- 

0 

- 

0 


ns 

‘ODW 

R/W to Output High-Z 

- 

35 

0 

40 

- 

50 

ns 

‘OEW 

R/W to Output Low-Z 

5 


5 

- 

10 


ns 

‘ds 

Data Set up Time 

40 

- 

50 

- 

60 


ns 

‘dh 

Data Hold Time 

0 


0 

- 

0 


ns 


A.C. TEST CONDITION 

Output Load 
Input Pulse Level 
Timing Measurement V|n 
R eference Level VouT 
tn tf 


100pF + 1 TTL Gate 

0.6V, 2.4V 

0.8V, 2.2V 

0.8V, 2.2V 

5ns 
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M I 


TC5565 

TC5565 


V,, 


; ■■■. 





WRITE CYCLE 2 (4) (CEi Controlled Write) 


Jl— 




565APL-15 
565AFL-15 


ADDRESSES 



C_ 2 



I 

I 

*WP 

^ 

I —► 


1 


WRITE CYCLE 3 (4) (CE2 Controlled Write) 




V|H — 
V|L — 


tDS *DH 

—--H 

DATA IN ^ 

STABLE , 



ADDRESSES 








TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


Note 1. R/W is High for Read Cycie. 

2. Assuming that CEi Low transition of CE2 High transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEi High transition or CE2 Low transition occurs coincident with or prior to R/W 
High transition, Outputs remain in high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this 
period. 


DATA RETENTION (Ta=0~70X) 


SYMBOL 

PARAMETER 

VdH 

Data Retention Supply Voltage 



Vdd=3.0V 

IdDS2 

Stand by Supply Current 

Vdd=5.5V 

tCDR 

Chip Deselection to Data Retention Mode 

*R 

Recovery Time 


Note (1) : Read cycle time. 

CEf Controlled Data Retention Mode (2) 


DATA RETENTION MODE 




VDD-0.2V 



CE 2 Controlled Data Retention Mode (4) 


DATA RETENTION MODE 





































TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


Note 2 : In CEi controlled data retention mode, minimum standby current mode is achieved under 
the condition of CE 2 ^ 0.2V or CE 2 ^ Vdd~0.2V. 

3 : If the V|h of CEi is 2.2V in operation, IDDSI current flows during the peridd that the Vqd 

voltage is going down from 4.5V to 2.4V. 

4 : In CE 2 controlled data retention mode, minimum standby current mode is achieved under 

the condition of CE 2 S 0.2V. 


DEVICE INFORMATION 

The TC5565APL/AFL is an synchronous RAM using address activated circuit technology, thus the 
internal operation is synchronous. Then once row address change occur, the precharge operation is 
executed by internal pulse generated from row address transient. Therefore the peak current flows only 
after row address change, as shown in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 0.1ju.F decoupling 
capacitor for every device is recommended to eliminate such noise. 


ADDRESSES 


'ddo 

(mA) 



Vdd=5.5V 
V|h=5.3V 
V|l= 0,2V 
Horizon lOOns/div 


Fig. TYPICAL CURRENT WAVEFORMS 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-1 2, TC5565AFL-15 


DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


Unit in mm (inches) 



MFP 28 PIN OUTLINE DRAWING (F28GC-P) 


Unit in mm (inches) 
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TOSHIBA MOS MEMORY PROOUCTS 


32,768 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC55257P-10/PL-10 

TC55257P-12/PL-12 


DESCRIPTION 

The TC55257P is 262,144 bit static random 
access memory organized as 32,768 words by 8 
bits using CMOS technology, and operated a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and mimimum cycle 
time of 10Ons/1 20ns. 

When CE is a logical high, the device is placed in 
low power standby mode in which standby current is 


PRELIMINARY 


2jt/A typically. The TC55257P has two control 
inputs. Chip enable input (CE) allow for device selec¬ 
tion and data retention control, and an output enable 
input (OE) provides fast memory access. Thus the 
TC55257P is suitable for use in various micro¬ 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC55257P is offered in a dual-in-line 28 pin 
standard plastic package. 


FEATURES 

• Low Power Dissipation 
27.5mW/MHz(Max.) Operating 

• Standby Current 

100//A(Max.) : TC55257PL-10/PL-1 2 
1mA(Max.) TC55257P-10/P-1 2 

• 5V Single Power Supply_ 

• Power Down Feature : CE 

• Data Retention Supply Voltage : 2.0~5.5V 


PIN CONNECTION 


(TOP VIEW) 


• Access Time 



TC55257P-10 

TC55257PL-10 

TC55257P-12 

TC55257PL-12 

Access Time (MAX.) 

100ns 

120ns 

CT Access Time 
(MAX.) 

100ns 

120ns 

Output Enable Time 
(MAX.) 

50ns 

_ 

60ns 


• Directly TTL Compatible : All Inputs and Outputs 

• Standard 28 pin DIP 


Ai4[ 1 
Aik;[ 2 
A7[ 3 
A6[ 4 
A5 [ 5 
A4t .6 
A3 [ 7 
A2 [ 8 
Alt 9 
AO [ 10 
I/OlC 11 
1/0 8 C 12 

1/03 I 13 
OND[ 14 


28 1 Vdd 
27 I R/W 
26 ] A1 3 
25 ] a8 
24 ] A9 
23 ]^i 
22 J OE 
21 1 A10 
20 ] CE 
19 ] 1/08 
18 ] 1/07 
17]1/06 
10 ] 1/05 
15 1 1/04 


PIN NAMES 


> 

o 

1 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

cT 

Chip Enable Input 

l/0l~l/08 

Data Input/Output 

Vdd 

Power (-1-5V) 

GND 

Ground 


BLOCK DIAGRAM 
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OPERATION MODE 



♦ ) H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-2.0-7.0 

V 

Vi/0 

Input and Output Voltage 

—0.5—Vdd+0.5 

V 

Pd 

Power Dissipation 

1.0 

W 

Tsolder 

Soldering Temperature 

260-10 

'C-sec 

Tstg 

Storage Temperature 

-55-150 

•c 

Topr 

Operating Temperature 

o 

1 

o 

•c 


D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 

PARAMETER 

Voo 

Power Supply Voltage 

ViH 

Input High Voltage 

ViL 

Input Low Voltage 

VOH 

Data Retention Supply Voltage 



MAX. 


5.5 


Vdd+0.3 


0.8 


5.5 



D. C. and OPERATING CHARACTERISTICS (Ta=o-70’C, Vod=5V±io%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Leakage Current 

o 

o 

> 

1 

O 

II 

z 

> 

— 

— 

±1.0 


lOH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

— 

mA 

lot 

Output Low Current 

Vol = 0.4V 

4.0 

— 

— 

mA 

Ilo 

Output Leakage Current 

^=ViH or R/W=Vil or OE = Vih 

VoUT = 0—VoD 

- 

- 

±1.0 

mA 

loDOl 

Operating Current 
(Read Cycle)* 

Vdd = 5.5V 
^=Vii, R/W= ViH 
Other Input 

= V.h/Vil 

tcycle — 1 S 

- 

- 

10 

mA 

tcycle = 

Min. cycle 

B 

1 

45 

l0002 

Vdd = 5.5V 

^=0.2V 

R/W=Voo-0.2V 

Other Input 

= Vdd-0.2V/0.2V 

tcycle = 1 

- 

- 

5 

mA 

tcycle — 

Min. cycle 

1 

1 

40 

Iddsi 

Standby Current 

CE=Vih 



3 

mA 

IdDS2 

Standby Current 

CE=Vdo-0.2V 

Vdo = 2.0-5.5V 

TC55257PL 

- 

2 

100 

mA 

TC55257P 

- 

- 

1.0 

mA 


♦ Assuming that R/W is Low for Write Cycle, the current consumption is twice as much as that when R/W is High for Write Cycle. 


- 310 — 










































































































































Note ; This parameter periodically sampled is not 100% tested. 


A. C. CHAflACTiillSTtCS (Ta=0~70-C. Vdd=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 

tRC 

Read Cycle Time 

Vin = 2.4V/0.6V 

tACC 

Address Access Time 

Vih=2.2V 

tco 

CE Access Time 

Vil=0.8V 

tOE 

Output Enable to Output in Valid 

tr, tf^lOns 

tCOE 

Chip Enable(CE)to Output in Low-Z 

Voh = 2.2V 

tOEE 

Output Enable to Output Low-Z 

Vol=0.8V 

too 

Chip Enable (^) to Output in 

Output Load : CtllOOpFland 

High-Z 

1TTL Gate 

tODO 

Output Enable to Output in 

High-Z 


tOH 

Output Data Hold Time 



TC55257P-10 TC55257P-12 
TC55257PL-10 TC55257PL-12 



Write Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC55257P-10 

TC55257PL-10 

TC55257P-12 

TC55257PL-12 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

Vin=2.4V/0.6V 

Vih=2.2V 

Vil=0.8V 

tr. ti^lOns 

100 

- 

120 

- 

ns 

twp 

Write Pulse Width 

70 

- 

80 

- 

tew 

Chip Selection to End of 

Write 

90 

■ 

100 

■ 

tAS 

Address Set up Time 

0 

- 

0 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

tODW 

R/W to Output High-Z 

- 

50 

- 

60 

tOEW 

R/W to Output Low-Z 

10 

- 

10 

- 

tos 

Data Set Up Time 

40 

- 

50 

- 

tOH 

Data Hold Time 

0 

- 

0 

- 


Note; Input pulse levels =Vin 

Timing Measurement Reference levels=ViH, Vil 
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TIMING WAVEFORMS 

READ CYCLE (1) 


ADDRESSES 


WRITE CYCLE 1 (4) (R/W Controlled Write) 


win, 

■ 

tOD 



^■■1 


__ ^ODO 

OUTPUT DATA VALID 


ADDRESSES 


Din ''ih 



^DS 

L 

DATA IN STABLE 









TC55257P-10/PL-10 
TC55257P-12/PL-12 


• WRITE CYCLE 2 (4) (CE Controlled Write) 


cTe 


DquT 


Din 


VlL_ 

ViH — 
ViL — 

ViH — 
ViL — 


ViH — 
ViL — 



twc 



: _ 

- 


*AS 


*WP 

A 

I 



MM 

mm/m/m// 




tew 



• 




*^COE 


I toDW 


I tDS 

tDH 

H 

^ DATA IN STABLE 


Note: 1. RAV is High for Read cycle. 

2. Assuming that CE low transition occurs coincident with or after R/W Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to R/W High transition, Outputs remain in 
a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETfNTtOM CHARACTERISTICS (Ta=o~70C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VoH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Supply Current 

TC55257PL 

Vdd = 3.0V 

- 

- 

50 

aA 

Vdd=5.5V 

- 

- 

100 

TC55257P 

- 

- 

1 .0 

mA 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

MS 

tR 

Recovery Time 

tRCd) 

- 

- 


Note (1) : Read cycle time. 

CE Controlled Data Retention Mode 



Note (2): If the Vih of CE is 2.4V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 
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NMOS High Speed Static Random Access Memories 
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TOSHIBA MOS MEMORY PROOUCTS 


4,096 WORD X 4 BIT STATIC RAM TMM2068D-35, TMM2068D-45 

TMM2068D-55 


SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 


DESCRIPTrON 

The TMM2068D is a 1 6,384 bits high speed and 
low power static random access memory organized 
as 4,096 words by 4 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 35ns/45ns/ 
55ns and maximum operating current of 1 50mA/ 
120mA/120mA. When CS goes high, the device is 
deselected and placed in a low power standby mode 


in which maximum standby current is 20mA. 

Thus the TMM2068D is most suitable for use in 
cache memory and high speed storage. 

The TMM2068D is offered in a 20 pin standard 
cerdip package with 0.3 inch width for high density 
assembly. 

The TMM2068D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 


FEATURES 

• Fast access time 


tAcc = 35ns : TMM2068D-35 
tAcc = 45ns : TMM2068D-45 
tACC = 55ns : TMM2068D-55 

• Low Power dissipation 

lcc= 150mA: TMM2068D-35 
lcc= 120mA: TMM2068D-45/55 
lsB = 20mA 

• Single 5V power supply 


• Fully static operation 

• All inputs and outputs 

Directly TTL compatible_ 

• Power down feature : CS = Vih 

• Three state outputs 

• Inputs protected : All inputs protection against 
static charge. 

• Package : 20pin standard cerdip package, 0.3 
inch width 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 



PIN NAMES 


Ao—Ai 1 

Address Inputs 

l/0l~l/04 

Data Input/Output 


Chip Select Input 

WE 

Write Enable Input 

Vcc 

Power( + 5 V) 

GND 

Ground 




















MAXIMUM RATINQS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-3.5-7.0 

V 

ViN 

Input Voltage 

-3.5-7.0 

V 

Vi/0 

Input/Output Voltage 

-3.5-7.0 

V 

Topr 

Operating Temperature 

o 

) 

O 

°C 

Tstrg 

Storage Temperature 

-55-150 

”C 

Tsolder 

Soldering Temperature • Time 

260-10 

”C-sec 

Pd 

Power Dissipation 

0.9 

W 

lour 

D. C. Output Current 

20 

mA 


D. C. RECOMMENDED OPERA1 


SYMBOL 

PARAMETER 

MIN. 

TYP. 



ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-3.0* 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


♦ Pulse Width : 10ns, DC; -0.5V(Min.) 


D. C. CHARADtiilil1©i| (Ta = 0^70-C, Vcc = 5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

< 

z 

II 

O 

1 

< 

o 

o 

- 

±10 

aA 

VOH 

Output High Voltage 

loH= -4.0mA 

2.4 

- 

V 

VoL 

Output Low Voltage 

loL= 0.8mA 

- 

0.4 

V 

Ilo 

Output Leakage Current 

VouT=0—Vcc 

CS=ViH 

- 

±50 


Icc 

Operating Current 

CS=ViL 

-35 

- 

150 


-45/55 

- 


ISB 

Standby Current 

CS=ViH 

- 

20 


ISBP 

Peak Power-on Current 

^=Vcc 

Vcc=0-5.5V 

- 


mA 


CAPACITANCE* (Ta = 25"C, f = 1 MHz) 


SYMBOL j 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

O 

II 

z 

> 

5 

PF 

COUT 

Output Capacitance 

VouT=OV 

10 


♦ Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2068D-35, TMM2068D-45 
TMM2068D-55 


A. C. CHARACTERISTICS 


(Ta=0~70“C, Vcc=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2068D-35 

TMM2068D-45 

TMM2068D-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

tACC 

Address Access Time 

- 

35 

- 

45 

- 

55 

tco 

Chip Select Access Time 

- 

35 

- 

45 

- 

55 

tCLZ 

Chip Selection to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tCHZ 

Chip Deselection to Output in High-Z 

0 

20 

0 

20 

0 

20 

tOH 

Output Data Hold Time 

5 

- 

5 

- 

5 

- 

tpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to Power Down Time 


30 

- 

30 

- 

30 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2068D-35 

TMM2068D-45 

TMM2068D-55 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 

55 

- 

tew 

Chip Selection to End of Write 

30 

- 

40 

- 

50 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

twp 

Write Pulse Width 

30 

- 

35 

- 

40 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 

- 

tWHZ 

WE to Output in High-Z 

0 

15 

0 

15 

0 

20 

tos 

Data Set Up Time 

15 

- 

20 

- 

20 

- 

tOH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


Vcc 



A. C. TEST CONDITIONS 


Input Pulse Levels 

0-3.5V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 

Reference Levels 

1 .5V 

Output Load 

See Fig. 1 


Fig.l Output Load 

* Note : In all condition, tcHz max is less than tciz min both for a given device and from device to device. 
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TMM2068D-35, TMM2068D-45 
TMM2068D-55 


• Write Cycle 2. 



Note; _ 

1. In read cycle 2, all addresses are valid prior to or coincident with CS transition low. 

2. The operating temperature(Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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TOSHIBA MOS MEMORY PROOUCT5 


4,096 WORD X 4 BIT STATIC RAM TMM2078D-35, TMM2078D-45 

TMM2078D-55 


SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 


PRELIMINARY 


DESCRIPTION 

The TMM2078D is a 1 6,384 bits high speed and 
low power static random access memory organized 
as 4,096 words by 4 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 35ns/45ns/ 
55ns and maximum operating current of 1 50mA/ 
120mA/120mA. When CS goes high, the device is 
deselected and placed in a low power standby mode 


in which maximum standby current is 20mA. 

Thus the TMM2078D is most suitable for use in 
cache memory and high speed storage. The 
TMM2078D is offered in a 22 pin standard cerdip 
package with 0.3 inch width for high density 
assembly. 

The TMM2078D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 


FEATURES 

• Fast access time 

tACC = 35ns : TMM2078D-35 
tACC = 45ns : TMM2078D-45 
Ucc = 55ns: TMM2078D-55 

• Low power dissipation 

lcc= 150mA: TMM2078D-35 
lcc= 120mA: TMM2078D-45/55 
lsB = 20mA 

• Single 5V power supply 

PIN CONNECTION (TOP VIEW) 


A7 C 

1 

a.; 

3 '^CC 

A6 C 

2 

21 

□ A8 

A6 C 

3 

20 

□ A9 

A4 C 

4 

19 

□ AlO 

AS C 

O 

18 

3 All 

Ai! C 

d 

17 

□ N.C. 

A1 C 

7 

16 

□ 1/01 

AO n 

8 

15 

□ 1/02 

oFc 

9 

14 

2 1/03 

CS £ 

10 

13 

31/04 

OND 

11 

12 

3WE 


PIN NAMES 

Ao~Ai 1 

Address Inputs 

l/0l~l/04 

Data Input/Output 


Chip Select Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

Vcc 

Power( + 5V) 

GND 

Ground 

N. C. 

No Connection 


• Fully static operation 

• All inputs and outputs Directly TTL compatible 

• Power down feature : CS =Vih 

• Output buffer control : OE 

• Three state outputs 

• Inputs protected : All inputs protection against 
static charge. 

• Package: 22 pin standard cerdip package,0.3 
inch width 


BLOCK DIAGRAM 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 


Vcc 

Power Supply Voltage 

-3.5-7.0 

V 

ViN 

Input Voltage 

-3.5-7.0 

V 

Vi/o 

Input/Output Voltage 

-3.5-7.0 

V 

Topr 

Operating Temperature 

0-70 

°C 

Tstrg 

Storage Temperature 

-55-150 

“C 

Tsolder 

Soldering Temperature • Time 

260-10 

°C-sec 

Pd 

Power Dissipation 

0.9 

W 

loUT 

D. C. Output Current 

20 

mA 


&. d. RscoMMENPeo o«»EmTPG 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Vovtage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-3.0* 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


♦ Pulse Width : 10ns, DC: -0.5V(Min.) 


D. C. CHARACTERISTICS ’ (Ta=0 ~ 70"C, Vcc=5V± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 



UNIT 

IlL 

Input Leakage Current 

ViN = 0—Vcc 

- 

±10 

aA 

VOH 

Output High Voltage 

loH = —4.0mA 

2.4 

- 

V 

VoL 

Output Low Voltage 

loL=0.8mA 

- 

0.4 

V 

Ilo 

Output Leakage Current 

VouT=0—Vcc 

CS=ViH 

- 

±50 

aA 

Icc 

Operating Current 

CS=ViL 

-35 

- 

150 

mA 

-45/55 

- 

120 

ISB 

Standby Current 

CS=ViH 

- 

20 

mA 

ISBP 

Peak Power-on Current 

^=Vcc 

Vcc=0-5.5V 

- 

40 

mA 


CAPACITANCE* (Ta = 2 5"C, f = 1 M Hz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

< 

z 

II 

o 

< 

5 

PF 

COUT 

Output Capacitance 

VouT=OV 

10 


♦ Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2078D-35, TMM2078D-45 
TMM2078D-55 


A. C. CHARACTERISTICS (Ta=0~70”C, Vcc=5V±l0%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2078D-35 

TMM2078D-45 

TMM2078D-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

tACC 

Address Access Time 

- 

35 

- 

45 

- 

55 

tco 

Chip Select Access Time 

- 

35 

- 

45 

- 

55 

tOE 

Output Enable to Output Valid 

- 

20 

- 

20 

- 

25 

tCLZ 

Chip Selection to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tCHZ 

Chip Deselection to Output in High-Z 

0 

20 

0 

20 

0 

20 

tOLZ 

Output Enable to Output in Low-Z 

0 

- 

0 

- 

0 

— 

tOHZ 

Output Disable to Output in High-Z 

0 

15 

0 

15 

0 

20 

tOH 

Output Data Hold Time 

5 

- 

5 

- 

5 

- 

tPU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to Power Down Time 

- 

30 

- 

30 

- 

30 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2078D-35 

TMM2078D-45 

TMM2078D-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

tew 

Chip Selection to End of Write 

30 

- 

40 

- 

50 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

twp 

Write Pulse Width 

30 

- 

35 

- 

40 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 

- 

tWHZ 

WE to Output in High-Z 

0 

15 

0 

15 

0 

20 

tos 

Data Set Up Time 

15 

- 

20 

- 

20 

- 

tOH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


A. C. TEST CONDITIONS 



Input Pulse Levels 

0~3.5V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 

Reference Levels 

1.5V 

Output Load 

See Fig. 1 


♦ Note : In all condition,tcHz max is less than tciz min both for a given device and from device to device. 
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Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to 
No. 1 and No.22 Leads. 


Note ; Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

QAug., 1985 Toshiba Corporation 




























TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD X 8 BIT STATIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 


TMM2018D-35, TMM2018D-45 
TMM2018D-55 


e> 

DSSCRIRTION 

The TMM201 8D is a1 6,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply.Toshiba's high performance device tech¬ 
nology provides both high speed and low power 
features with a maximum access time of 35ns/45ns/ 
55ns and maximum operating current of 150mA. 
When CS goes high, the device is deselected and 
placed in a low power standby mode in which 


maximum standby current is 20mA. 

Thus the TMM2018D is most suitable for use in 
cache memory and high speed storage. The 
TMI\/12018D is offered in 24 pin standard cerdip 
package with 0.3 inch width for high density 
assembly. 

The TMM2018D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 


FEATURES 

• Fast access time 

tACC = 35ns: TMM2018D-35 
Ucc = 45ns ; TMM2018D-45 
Ucc = 55ns : TMM2018D-55 

• Low power dissipation 
lcc= 1 50mA 

lsB = 20mA 

• Single 5V power supply 

• Fully static operation 


• All inputs and outputs 
Directly TTL Compatible 

• Power down feature : CS = Vih 

• Output buffer control : OE 

• Three state outputs 

• Inputs protected; All inputs protection against 

static charge. 

• Package: 24 pin standard cerdip, 0.3 inch width 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 



PIN NAMES 


o 

< 

1 

a 

< 

Address Inputs 

l/0l~l/08 

Data Input/Output 


Chip Select Input 

WE 

Write Enable Input 


Output Enable Input 

Vcc 

Power (-I-5V) 

GND 

Ground 
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TMM2018D-35 

TMM2018D-55 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-3.5-7.0 

V 

• ViN 

Input Voltage 

-3.5-7.0 

V 

Vi/0 

Input/Output Voltage 

-3.5-7.0 

V 

Topr 

Operating Temperature 

o 

1 

o 

"C 

Tstg 

Storage Temperature 

-55-150 

”C 

Tsolder 

Soldering Temperature • Time 

260-10 

°C-sec 

Pd 

Power Dissipation 

0.9 

W 

lour 

D. C. Output Current 

20 

mA 


D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-3.0* 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


* Pulse Width : 10ns, DC : -0.5V(Min.) 


D. C. CHARACTERISTICS (Ta=o ~ 70”C, Vcc=5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

III 

Input Current 

> 

o 

II 

z 

> 


±10 

aA 

VOH 

Output High Voltage 

loH= —4.0mA 

2.4 

- 

V 

VoL 

Output Low Voltage 

loL = 8.0mA 

- 

0.4 

V 


Output Leakage Current 

VouT=0—Vcc 

CS=ViH 

- 

±50 

aA 


Operating 

^=VlL 

- 

150 

mA 

ISB 

Standby Current 

^=VlH 

- 

20 

mA 

ISBP 

Peak Power-on Current 

CS = Vcc 

Vcc=0-5.5V 

- 

40 

mA 


CAPACITANCE* (Ta = 25°C, f= 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN = OV 

5 

PF 

COUT 

Output Capacitance 

VouT = OV 

10 


* Note : This parameter is periodically sampled and is not 100% tested. 






























TMM2018D-35, TMM2018D-45 
TMM2018D-55 


A. C. CHARACTERISTICS 

Read Cycle 


(Ta = 0~70“C, Vcc=5V±10%) 


SYMBOL 

PARAMETER 

TMM2018D-35 

TMM2018D-45 

TMM2018D-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

35 


45 

- 

55 

- 

ns 

tACC 

Address Access Time 

- 

35 

- 

45 

- 

55 

tco 

Chip Select Access Time 

- 

35 

- 

45 

- 

55 

tOE 

Output Enable to Output Valid 

- 

20 

- 

20 

- 

25— 

tCLZ 

Chip Selection to Output in low-Z 

- 

5 

- 

5 

- 

5 

tCHZ 

Chip Deselection to Output in High-Z 

0 

20 

0 

20 

0 

20 

tOLZ 

Output Enable to Output in Low-Z 

0 

- 

0 

- 

0 

- 

tOHZ 

Output Disable to Output in High-Z 

0 

15 

0 

15 

0 

•20 

tOH 

Output Data Hold Time 

5 


5 

- 

5 

- 

tpu 

Chip Selection to Power Up Time 

0 


0 

- 

0 

- 

tPD 

Chip Deselection to Power Down Time 

- 

30 

- 

30 

- 

30 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2018D-35 

TMM2018D-45 









twc 

Write Cycle Time 

35 

- 

45 

- 


- 

ns 

tew 

Chip Selection to End of Write 


- 


- 


- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

— 0— 

— 

twp 

Write Pulse Width 


- 


- 

40 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 

- 

tWHZ 

WE to Output in High-Z 

0 

15 

0 


0 


tDS 

Data Set Up Time 

15 

- 


- 

20 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


A. C. TEST CONDITIONS 


'cc 


Input Pulse Levels 

0~3.5V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 

Reference Levels 

1 .5V 

Output Load 

See Fig. 1 



Fig.l Output Load 




































TMM2018D*3 
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TIMING WAVEFORMS 

Read Cycle 1. (WE=Vih, CS=Vil) 




Read Cycle 2. {WE=Vih, OE-Vil) 
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Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to 
No.1 and No.24 leads. 


































TOSHIBA MOS MEMORY PROOOCTS 


8,192 WORD X 9 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 
PRELIMINARY 


TMM2089C-35, TMM2089C-45 
TMM2089C-55 


DESCRIPTION 

The TMM2089C is a 73,728 bits high speed N-channel silicon gate MOS static random access memory organized as 
8,192 words by 9 bits a nd operates from a single 5-volt supply. The TMM2089C is features an automatic stand-by mode 
when deselect by CS1 signal. Thus the TMM2089C is suitable for use in cache memory and high speed storage. The 
TMM2089C has nine I/O terminals, therefore it is most suitable for MEMORY SYSTEM with Parity bit. The TMM2089C is 
offered in a 28 pin standard ceramic dual in-line package with 0.3 inch width for high density assembly. 


FEATURES 


• Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2089C-35 

35ns 

120mA 

10mA 

TMM2089C-45 

45ns 

120mA 

10mA 

TMM2089C-55 

55ns 

120mA 

10mA 


• All Inputs and Outputs: (Directly TTL 

Compatible) 

• Inputs Protected: (All inputs have 

protection against 
static charge.) 

BLOCK DIAGRAM 


• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature: (CS1) 

• Output Buffer Controi: (OE) 

• Three State Outputs 


PIN CONNECTION 


A8C 1 
A7 C 2 
A6C 3 
A5 E 4 
A4 C 5 
A3 C 6 
A2 C 7 
A1 C 8 
AO C 9 
I/01 C 10 

1/02 C 11 

i/03 C 1 2 
1/04 C 1 3 
GND C 14 


28 □ Vcc 
27 b WE 
26 b CS2 
25 b A9 
24 \2 A10 
23 h All 
22 □ ^ 
21 □ A12 
20 U CST 
1 9 □ 1/09 
1 8 □ I/08 
1 7 □ I/07 
16 □ 1/06 
1 5 □ I/05 


PIN NAMES 


SYMBOL 

NAME 

AO ~ A12 

Address Inputs 

CS2 

Chip Select Input 

We 

Write Enable Input 

1/01 ~ 1/09 

Data Input/Output 

CST 

Output Enable Input 

Vcc 

Power (-I-5V) 

GND 

Ground 



OPERATION MODE 


Mode 

C^ 

CS2 

OE 

WE 

1/01 ~l/09 

Power 

Write 

L 

H 

* 

L 

In 

Active 

Read 

L 

H 

L 

H 

Out 

Active 

Standby 

H 

* 

* 

* 

High-Z 

Standby 

Standby 

L 

L 

* 

* 

High-Z 

Active 

Output Buffer 

Disable 

L 

H 

H 

H 

High-Z 

Active 


* Don’t Care 


SS.R — 









TMM2089C-35, TMM2089C-45 
TMM2089C-55 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-3.5~7.0 

V 

V|N- VoUT 

Input Output Voltage 

-3.5~7.0 

V 

^opr. 

Operating Temperature 

0~70 

°c 

^stg. 

Storage Temperature 

-55-150 

"C 

Tsolder 

Soldering Temperature ■ Time 

260 ■ 10 

°C • sec 

Pd 

Power Dissipation (Ta=70°C) 

1.0 

W 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70X) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

• 

Vcc+10 

V 

V|L 

Input Low Voltage 

-3.0* 

■ 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


*Pulse Width: 10ns, DC; -0.5V (Min.) 


D.C. CHARACTERISTICS (Ta=0~70°C, Vcc=5.0V±10%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|n=0V~5.5V 

-1.0 

-1.0 

aA 

'OH 

Output High Current 

Voh=2.4V 

-4.0 


mA 

'OL 

Output Low Current 

Vol=0-4V 


8.0 

mA 

'lo 

Output Leakage Current 

C^=V|H or CS2 =V|l or WE=V|l 
or OE=V||-j, Vouj—0V~5.5V 

-1.0 

1.0 

juA 

'SBP 

Peak Power-on Current 

CS1=Vqq, CS2=0V, Iqut—O rnA 


30 

mA 

'SB 

Standby Current 

CS1=V||-| orCS2=V|L, lQuj=0mA 


10 

mA 

'cc 

Operating Current 

CS1=V|L, CS2=V|h, loUT^OmA 


120 

mA 


CAPACITANCE * (Ta=25°C, f=1 .OMHz) 


SYMBOL 

PARAMETER 

CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V||M=OV 

5 

PF 

COUT ^ 

Output Capacitance 

VoUT=OV 

10 

PF 


* Note: This parameter is periodically sampled and is not 100% tested. 








TMM2089C-35, TMM2089C-45 
TMM2089C-55 


A.C. CHARACTERISTICS (Ta=0~70°C, Vcc=5V±10%) 

READ CYCLE 


SYMBOL 

PARAMETER 

TMM2089C-35 

TMM2089C-45 

TMIVI2089C-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

35 


45 


55 



‘ACC 

Address Access Time 


35 


45 


55 


‘coi 

CS1 Access Time 

- 

35 


45 


45 


‘C02 

CS2 Access Time 


25 


25 


30 


‘OE 

OE Access Time 


20 


20 


25 


‘OH 

Output Data Hold Time from Address Change 

5 


5 


5 


ns 

‘CLZ 

Output Enable Time from CS1 or CS2 

0 

- 

5 


5 



‘CHZ 

Output Disable Time from CS1 or CS2 

- 

20 


20 


20 


‘OLZ 

Output Enable Time from OE 

0 

- 

0 


0 



‘OHZ 

Output Disable Time from OE 


10 


10 


15 


‘PU 

Chip Selection to Power Up Time 

0 


0 


0 



‘PD 

Chip Deselection to Power Down Time 


30 


30 


30 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TMM2089C-35 

TMM2089C-45 

TMM2089C-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

‘wc 

Write Cycle Time 

35 


45 


55 


ns 

‘cw 

Chip Selection to End of Write 

30 


40 


50 


‘as 

Address Set Up Time 

0 


0 


0 


‘WP 

Write Pulse Width 

25 


35 


45 


‘WR 

Write Recovery Time 

0 


0 


0 


‘ds 

Data Set Up Time 

15 

- 

20 


20 


‘dh 

Data Hold Time 

0 

- 

0 


0 


‘WLZ 

Output Enable Time from WE 

0 


0 


0 


‘WHZ 

Output Disable Time from WE 


10 


10 


15 


A.C. TEST CONDITIONS 


Input Pulse Levels 

0.6~2.2V 

Input Rise and Fall Time 

5ns 

Input and Output Reference Levels 

2.0V/0.8V 

Output Load 

Fig. 1 


Vcc 



51052 


300n 
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WRITE CYCLE 2 (4) (CS1 Controlled Write) 



WRITE CYCLE 3 (4) (CS2 Controlled Write) 



Dour 


D|N 


tCLZ(5) 


1 


IA2089C-35, TMM2089C-^- 
I/I2089C-55 


tyvc 



x: 

*WP ^ 


I- . 







*cw 

/ 


*cw 



«- .1 IIII 

High Impedance 

J tWHZ(5) 



tDH 


r 



DATA IN STABLE 

K 


twc 


tyyp 


•cw 


jew 


^ tWHZ(5) 






TMM2089C-35, TMM2089C-45 
TMM2089C-55 


Note: 


1. WE is High for Read Cycle. 

2. Assumin g th at CS1 Low transition or CS2 High transition occurs coincident with 
or after WE Low transition, Outputs remain in a high impedance state. 

3. Assuming t hat CS1 High transition or CS2 Low transition occurs coincident with 
or prior to WE High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state 
during this period. 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

(A) tCLZ> fOLZ. fWLZ .Output Enable Time 

(B) tCHZ. tOHZ. tWHZ.Output Disable Time 


CS1, OE 


WE,CS2 


dout 


\ 

y 


(A) 


HIGH IMPEDANCE 


'U‘ 

U’ 



/ 

\ 


(B) 



it O.ISV 

^HIGH IM PEDANCE 
0.15V 
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CMOS High Speed Static Random Access Memories 
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TOSHIBA MOS MEMORY PRODUCTS 


65,536 WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC5561 P-55 
TC5561 P-70 


DESCRIPTiON 

The TC5561P is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and Operated from 
a single 5-vott supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 55ns/70ns and 
maximum operating current of 100mA at minimum 
cycle time. 

TheTC5561 P also features an automatic stand-by 
mode. When deselected by Chip Enable (CE), the 


iPRELIMINARY 

operating current is reduced from 100mA to 1 0OfxA. 

The TC5561 P is suitable for use in main memory 
of high speed computer and pattern memory, where 
high speed/low power/high density are required. 

The TC5561P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5561P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per¬ 
formance and high reliability. 


FEATURES 

• Fast access time : TC5561 P-55 55ns(MAX.) 

TC5561P-70 70ns(MAX.) 

• Low power dissipation : Operation 100mA(MAX.) 

Standby100/^A(MAX.) 

• 5V single power supply 

PIN CONNECTION (TOP VIEW) 


• Fully static operation 

• Directly TTL compatible : All Input and Output 

• I/O separate 

• Package: 22 pin standard plastic package, 
300mil width 

BLOCK DIAGRAM 


TC5561P 


AO 1 


22 

I'^DD 

All 

2 

21 

IA15 

A2[ 

3 

20 

1A14 

A3[ 

4 

19 

|A13 

A4[ 

6 

18 

1A12 

A5[ 

6 

17 

lAll 

A6t 

7 

16 

lAlO 

A7t 

8 

15 

IA9 

DoutI 

y 

14 

|A8 

WEI 

10 

13 

IDin 

ONDI 

11 

12 

Ice 


(30 0mi 1 DIP) 



PIN NAMES 


Ao~Ai5 

Address Inputs 

Din 

Data Input 

Dout 

Data Output 


Chip Enable Input 

WE 

Write Enable Input 

Vdd 

Power (-E5V) 

GND 

Ground 
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TC5561 P-55 
TC5561 P-70 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 


Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-2.0-7.0 

V 

Vi/0 

Input and Output Voltage 

-0.5-VDD+0.5 

V 

Pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260-10 

°C-sec 

Tstg 

Storage Temperature 

-65-150 

"C 

Topr 

Operating Temperature 

0-70 

”C 


O. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER . . 

MIN. 

TYP. 


UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

VlL 

Input Low Voltage 

-3.0 

- 

0.8 

V 


■D, C. ^ OPERATING CHANACtERISTICS ,' (Ta=o~70“C, Vdd=5V±io%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlN 

Input Leakage Current 

ViN = 0—Vdd 

- 

- 

±1.0 

aA 

lOH 

Output High Current 

Voh = 2.4V 

-8 

- 

- 

mA 

loL 

Output Low Current 

Vol = 0.4V 

8 

- 

- 

mA 

Ilo 

Output Leakage Current 

CE=Vih or ^=ViL 

VouT = 0 —Vdd 

- 

- 

±1.0 


Iddo 


Vdd = 5.5V, tcvcie=Min cycle, 

^=VlL 

Other lnput=ViH/ViL 

- 

- 

100 

mA 

Iddsi 

Standby Current 

^=V|H 

- 

- 

2 

mA 

IdDS2 

^=Vdd-0.2V 

- 

- 




CAPACITANCE (Ta = 25C) 



PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

Vout=GND 

10 

PF 


Note : This parameter periodically sampled is not 100% tested. 
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A. C- CHARACTERISTICS (Ta = 0~70“C, Vdd=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 


TC5561P-55 


TC5561P-70 




MIN. 

MAX. 

MIN. 

MA> 

■ 

tRC 

Read Cycle Time 

55 

- 

70 

- 


tACC 

Address Access Time 

- 

55 

- 

7C 


tco 

Chip Enable Access Time - — 


55 

- 

70 


tcOE 

Chip Enable to Output in Low-Z 

5 

- 

5 

- 


tcOD 

Chip Disable to Output in High-Z 


30 

- 

3C 


toH 

Output Data Hold Time 

5 

- 

5 

- 




Write Cycle 


SYMBOL 


PARAMETER 


TC5561P-55 


TC5561P-70 




























TIMING WAVEFORMS 

• READ CYCLE (1) 



• WRITE CYCLE 2 (CE Controlled Write) 



SJote ; 

1. WE is High for Read Cycle. _ 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition. Outputs remain in a high 

impedance state. _ 

3. Assuming that CE High transition occurs coincident with or prior to WE High transition. Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) is guaranteed with transverse air flow exceedino 400 linear feet per minute. 























TC5561 P-55 
TC5561 P-70 


OUTLIlffi DRAWINOUS 


Unit in nan 

22 21 20 19 18 1 7 16 15 14 13 12 


_n n m 1-1 r-i r1 

h n r-i r-1 r-L_n_ 


6.5 MAX 

1 

^ ' 



1 





- U LJ LJ LJ □" L 

[i LJ LJ XJ LJ LT' 


1 2 3 4 5 ^ 7 8 9 10 11 



Note : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position with respect to No. 1 and No.22 leads. 
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TC5561 P-55 
TC5561 P-70 


Note ; Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug.. 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PROOUCTS 

65,536 WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC5562P-45 

TC5562P-55 


DESCRIPTION 

The TC5562P is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 45ns/55ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5562P also features and automatic stand- 

FEATURES 

• Fast access time : TC5562P-45 45ns(MAX.) 

TC5562P-55 55ns(MAX.) 

• Low power dissipation : Operation 100mA(MAX.) 

Standby 20mA(MAX.) 

• 5V single.power supply 

PIN CONNECTION (TOP VIEW) 


PRELIMINARY 

by mode. When deselected by chipEnable(CE), the 
operating current is reduced from 100mA to 20mA. 

The TC5562P is suitable for use in main memory 
of high speed/high density are required. 

The TC5562P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5562P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per¬ 
formance and high reliability. 


• Fully Static operation 

• Directly TTL compatible : All Input and Output 

• I/O separate 

• Package: 22 pin standard plastic package,. 

300mil width 

BLOCK DIAGRAM 


TC5562P 


A0[ 

Al[ 

A2t 
A3[ 
A4t 
A5[ 
A6( '5' 

A7[ 8 

PpUTt 9 
WEt -Lo 
QND[21 


22 1 ^DD 
211A15 
201A14 
19 JA13 
18}A12 
17lAll 
16 lAlO 
15 IA9 
14 1A8 
13 IDjn 
12 ICTT 


(300mil DIP) 



PIN NAMES 


Ao~Ai5 

Address Inputs 

Din 

Data Input 

Dour 

Data Output 


Chip Enable Input 


Write Enable Input 

Vdd 

Power ( + 5V) 

GND 

Ground 
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SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-2.0-7.0 

V 

Vi/0 

Input and Output Voltage 

-0.5-VDD+0.5 

V 

Pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260• 10 

"C-sec 

Tstg 

Storage Temperature 

-65-150 

“C 

Topr 

Operating Temperature 

O 

1 

O 

”C 


CONDITIONS 


SYMBOL 

PARAMETER 

Vdd 

Power Supply Voltage 

ViH 

Input High Voltage 

ViL 

Input Low Voltage 

Vdh 

Data Retention Supply Voltage 



O. C and OPERATING 


SYMBOL 

PARAMETER 

III 

Input Leakage Current 

lOH 

Output High Current 

lOL 

Output Low Current 

Ilo 

Output Leakage Current 

Iddo 

Operating Current 

Iddsi 

Standby Current 

IdDS2 


(Ta=0~70'C, Vdd=5V±10%) 


MIN 


TEST CONDITION 


Vin=0~Vdd 


Voh = 2.4V 


Vol=0.4V 


CE=Vih or WE=Vil 
Vout=0~Vdd 


Vod= 5.5V, tcycle=Min cycle, 
.^=VlL 

Other lnput=ViH/ViL 


CE=V|H 


CE=Vod-0.2V 

Other lnput=VoD—0.2V or 0.2V 


MAX. UNIT 



CAPACrTAI 


(Ta = 25”C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

Vout=GND 

10 

PF 


Note : This parameter periodically sampled is not 100% tested 































































































































5562 P-4 
5562 P-5 


IT* 


r. 


A. C. CHARACTEmSTICS ' . (Ta = 0~70"C, Vdd = 5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRc Read Cycle Time 

tAcc Address Access Time 

tco Chip Enable Access Time 

tcoE Chip Enable to Output in Low-Z 

tcoD Chip Disable to Output in High-Z 

toH Output Data Hold Time 


TC5562P-45 

TC5562P-55 

MIN. 

MAX. 

MIN. 

MAX. 

45 

- 

55 

- 

- 

45 

- 

55 

- 

45 

- 

55 

5 

- 

5 

- 

- 

25 

- 

30 

5 

- 

5 

- 


Write Cycle 


PARAMETER 


Write Cycle Time 


Write Pulse Width 


Chip Enable to End of Write 


Address Set up Time 


Write Recovery Time 


WE to Output Low-Z 


WE to Output High-Z 


Data Set up Time 


TC5562P-45 


TC5562P-55 
MIN. I MAX. 




Fig.l Output Load 




















TIMING WAVEFORMS 



• WRITE CYCLE 1 (WE Controlled Write) 



• WRITE CYCLE 2 (CE Controlled Write) 



Note ; 

1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition. Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior WE High transition. Outputs remain in a- high 
impedance state. 

4. The operating temperature(Ta) in guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position with respect to No. 1 and No.22 leads 


















TC5562P-46 

TC5562P-55 


Note : Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

S^Aug., 1985 Toshiba Corporation 






NMOS Erasable Programmable Read Only Memories 








TOSHIBA fflOS MEMORY PROOUCTS 

8,192 WORDX8 BIT UV ERASABLE AND TMM2764D-15, TMM2764D-2 

ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY JMM2764D 


DESCRIPTION 

The TMM2764D is a 81 92 word x 8 bit ultraviolet 
light erasable and electrically programmable read 
only memory. For read operation, the TMM2764D's 
access time is 150ns(TMM2764D-15)/200ns 
(TMM2764D-2)/250ns(TMM2764D), and the 
TMM2764D operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 


The standby mode is achieved by applying a TTL- 
high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. For program 
operation, the programming is achieved by applying 
a 50ms active TTL low program pulse to the PGM 
input, and it is possible to program sequentially, 
individually, or at random. 


FEATURES 


• Single 5-volt power supply 

• Fast access time : TMM2764D-15: 150ns(Max.) 

TMM2764D-2 : 200ns(Max.) 
TMM2764D ; 250ns(Max.) 

• Power dissipation : 100mA (active current) Max. 

25mA (standby current) Max. 

• Low Power standby mode : ^ 

• Output buffer control ; OE 


• Fully static operation 

• Programs with one 50ms pulse or 
high speed programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764 and ROM 
TMM2364P 


PIN CONNECTION (TOP VIEW) 


VppC 
A12C 2 
Ary c 3 
AgC 4 
A 5 C 5 
A 4 C 6 
A 3 C 7 
AgC 8 
AiC 9 
AqL 10 
OqC 11 
OiC 12 
O 2 C 13 
OND [ 14 


J ^00 

1 POM 
3 N.C. 

3 Ap 
3 Ag 
3 All 
] OE 
3 Aio 


20h CE 


3 O 7 
3 Og 
3 O 5 
3 O 4 

3 O 3 


PIN NAMES 


Ao~Ai4 

Address Inputs 

0 

0 

1 

0 

Outputs (Inputs) 


Chip Enable Input 


Output Enable Input 

PGM 

Program Control Input 

N. C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

VccSupply Voltage (-t-5V) 

GND 

Ground 



MODE SELECTION 


PIN 

mode\^ 

PGM 

(27) 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo'-O? 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 



Data Out 


Output 

Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Active 

Standby 

* 

H 

* 



High Impedance 

Standby 

Program 

L 

L 

* 



Data In 


Program 

* 

H 

♦ 

21V 

5V 

High Impedance 

Active 

Inhibit 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 



Data Out 



Note * • H or L 
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SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-22.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VoUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260-10 

’C-sec 

Tstrg. 

Storage Temperature * 

-65-125 

“C 

Topr. 

Operating Temperature 

o 

1 

o 

”C 


READ OPERATION 

D. C. HECOMMSNDED OPERATINQ CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc+0.6 

V 


D. C. and OPERATINO CHARACTERISTICS {Ta=0~70*c, Vcc=5V±5%, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

o 

> 

1 

O 

II 

z 

> 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

m 

II 

< 

I 

- 

- 

25 

mA 

ICC2 

Supply Current (Active) 

m 

II 

< 

- 

- 

100 

mA 

VOH 

Output High Voltage 

loH== —400^ A 

ED 

- 

- 

V 

VoL 

Output Low Voltage 

loL = 2.1mA 

- 

- 

0.4 

V 

Ippi 

Vpp Current 

Vpp= 0—Vcc+0.6 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout=0.4— Vcc 

- 

- 

±10 

aA 


A* C, CHARAC^iRtSTICi \ (Ta = 0~70”C, Vcc=5V±5%, Vpp=2,0V~Vcc+0.6V, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TMM2764D-15 

TMM2764D-2 

TMM2764D 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

- 

250 

ns 

tCE 

^to Output Valid 

- 

150 

- 

200 

- 

250 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

70 

- 

100 

ns 

tPGM 

PGM to Output Valid 

- 

70 

- 

70 

- 

100 

ns 

tOFl 

CE”to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

_1 

0 

— 

ns 


A. C. Test Conditions 


• Output Load ; 1 TTL Gate and Cl= 10OpF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.8V to 2.2V 

• Timing Measurement Reference Level : Inputs IV and 2V, Outputs 0.8V and 2.0V 
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TMM2764D-15, TMM2764D-2 
TMM2764D 


CAPAaTANCE » (Ta = 25C-. f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

O 

II 

z 

> 

- 

4 

6 

PF 

CoUT 

Output Capacitance 

VouT=OV 

- 

8 

12 

PF 


♦ This paramater is periodically sampled and is not 100% tested. 


TIMING WAN^flOM (IllAIII 



PROGRAM OPERATION 

O. C RECOMMENDED OPERAtlNQ CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input Fligh Voltage 

2.0 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.0 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21.0 

21.5 

V 


D. C. and OPERATING CHARACTERISTICS (Ta=25±5-C, Vcc=5V±5%, Vpp=21V±o.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN=0~Vcc 

HI 

- 

±10 

aA 

VOH 

Output High Voltage 

loH= —400^ A 

EQ 

- 

- 

V 

VoL 

Output Low Voltage 

loL=2.1mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

100 

mA 

ipP2 

Vpp Supply Current 

Vpp=21.5V 

- 

— 

30 

mA 
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TMM2764D-15, TMM2764D-2 
TMM2764D 


A. C. PROGRAMMING CHARACtfRIGTICS (Ta=25±5“C.. Vcc=5V±5%, Vpp=21V±o.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 




UNIT 

tAS 

Address Setup Time 


2 

- 

- 

MS 

tAH 

Address Hold Time 

: - 

2 

- 

- 

MS 

tCES 

CE Setup Time 

- 

2 

- 

- 

MS 

tCEH 

CE Hold Time 

- 


- 

- 


tos 

Data Setup Time 

■ - 

E 

- 

- 

MS 

tOH 



2 

~ 

- 

MS 

tPS 



2 

- 

- 

MS 

tPH 



2 

- 

- 

HIBi 

tOES 

OE Setup Time 


2 

- 


BESH 

tvs 

Vpp Setup Time 


2 

- 

- 


tPW 

Program Pulse Width 

PGr^=cr=ViL 

45 




tCP 

Program Recovery Time 

- 

0 

- 

- 


tPRT 


- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tCE 

CE to Output Valid 

- 


- 


ns 

tOE 





100 

ns 

tDFI 

CE to Output in High-Z 

> 

II 

lUJ 

lo 

- 

- 


ns 

tDF2 

OE to Output in High-Z 

CE = V)l 

- 

- 


ns 


A. C. Test Conditions 

• Output Load ; 1 TTL Gate and Cl(IOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.8~2.2V 

• Timing Measurement Reference Level : Input IV and 2V ; Output 0.8V and2.0V 


—362 — 
































TMM27&4d-15, TMM2764D-2 
TMM2764D 


TIMING WAVEFORMS (PROGRAM) 

• PROGRAM OPERATION 1. (Vpp=21 V + 0.5V) 



• PROGRAM OPERATION 2. (Vpp = 21 V + 0.5V) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp=21V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is appHed to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 22V. 
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TMM2764D-15, TMA/r2764D-2 
TMM2764D 






ERASURE CHARACTERISTICS 


The TMM2764D's erasure is achieved by apply¬ 
ing shortwave .ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (Ultraviolet light intensity 
[w/cm^*] Xexposure time [sec.] ) for erasure should 
be a minimum of 15 [W. sec/cm*] . 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

And using commercial lamps whose ultraviolet 


light intensity is a 12000 [//w/cm*] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated does is 12000 [//w/cm^j x (20x60) 
[sec] = 15 [wsec/cm^] .) 

The TMM2764D's erasure begins to occur when 
exposed to light with wavelength shorter than 
4000A. The sunlight a.nd the flourescent lamps will 
include 3000~4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opaque seals-Toshiba 
EPROM Protect Seal AC901-are available. 


OPERATION INFORMATION 

The TMM2764D's six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


~ ——_ 

ISBI 

cT 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

READ 

OPERATION 

(Ta=0~70-C) 

Read 

Bi 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

♦ 

H 

High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5"C) 

Program 

L 

L 

♦ 

21V 

5V 

Data In 

Active 

Program Inhibit 

♦ 

H 

♦ 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 


Data Out 1 

Active 


Note H ; ViL, L ; Vil, * ; Vih or Vil 


READ MODE 

The TMM2764D has three control functions.The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE=Vil and PGM = Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2764D can be connected 
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The CE to output valid (tcs) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE=Vil, PGM = Vih and all ad¬ 
dresses are valid, the output data is valid at the 
outputs after toE from falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 







































STANDBY MODE 

The TMM2764D has a low power standby mode 

controlled by the CE signal. _ 

By applying a TTL high level to the CE input, the 
TMM2764D is placed in the standby mode which 



Intially, when received by customers, all bits of 
the TMM2764D are in the *1" state which is erased 
state. 

Therefore the program operation is to introduce 
"Os' data into the desired bit locations by electrically 
programming. 

The TMM2764D is set up in the program opera¬ 
tion mode when applied the pr ogram voltage (-f-21V) 
to the Vpp terminal under CE = PGM = OE=Vih. 

The program opera tion oc curs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 

The Verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 



Under the condition that the program voltage (4- 
21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764D from being 
programmed. 

Programming of two or more TMM2764Ds in 
parallel with different data is easily accomplished. 



The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (-1- 21V) 
is applied to the Vpp terminal with Vcc=6V and PGM 
= VlH. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduce the operating current from 100mA to 25mA, 
and then the outputs are in a hi gh im pedance state, 
independent of the OE and the PGM inputs. 


50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 
This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi¬ 
mum value is 55ms. 

The levels required for all inputs are TTL. 

The TMM2764D can be programmed any loca¬ 
tion at anytime-either individually, sequentially, 

or at random. 

The TMM2764D should not be pr ogram med with 
D. C. signal applied to both CE and PGM inputs. 


T he ver ify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
= 5V. 


TYPE 1 : A=15, B = 4 
TYPE 2 : A=20, B=1 
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SYMBOL 

PARAMETER 

MIN. 

ViH 

Input High Voltage 

2.0 

ViL 

Input Low Voltage 

-0.3 

Vcc 

Vcc Power Supply Voltage 

4.75 

Vpp 

Vpp Power Supply Voltage 

20.5 



MAX. 

UNIT 

Vcc+1.0 

V 

0.8 

V 

5.25 

V 

21.5 

V 


OPERATING CHAftAdlRlRIndS (Ta = 25 + 5-C, Vcc = 6V±0.25V, Vpp=21V±0.5V) 


PARAMETER 


Input Current 


Output High Voltage 


Output Low Voltage 


Vcc Supply Current 


Vpp Supply Current 


SYMBOL 


III 


VOH 


VoL 


Icc 


IPP2 


A. C. 


SYMBOL 


tAS 


tAH 


tCES 


tCEH 


tos 


tOH 


tvs 


tpw 


tOPW 


tPRT 


tPFT 


tOE 


tDF2 


OE to Output in High Z 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



TEST CONDITION 


ViN=0~Vcc 


Ioh = 400//A 


Iol=2. 1 mA 


Vpp=21.5V 



PARAMETER 


Address Setup Time 


Address Hold Time 


Data Setup Time 


Data Hold Time 


Vpp Setup Time 


Program Pulse Width 


Additional Program Pulse Width 


Program Pulse Rise Time 


Program Pulse Fall Time 


(Ta = 25±5-C, Vcc=6V±0.25V, Vpp=21 V±0.5V) 


TEST CONDITION 





1 TTL Gate and CillOOpF) 

10ns Max. 

0.8V and 2.2V 

Input IV and 2V ; Output 0.8V and 2.0V 


1. topw depeds on the program pulse width which is required in the initail Program. 
(TYPE 1 : A=3.8, B = 63 TYPE 2 : A=0.95, B=21) 
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HIGH SPEED PROGRAM MODE FLOW CHAI 


ADDRESS= 
NEXT ADDRESS 



TYPE 1 : A=15, B=4X 
TYPE 2 : A=20, B=X 


OVERPROORAM B PULSES OP Imeec 
OR ONE PULSE OFBmsec DURATION 


















TMM2764D^15, TMM2764Dr2 
TMM2764D 




—368 

























TMM2764D-15, TMM2764D*2 
TMM2764D 


Note ; Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied,.and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

CAug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

N-CHANNEL SILICON STACKED GATE MOS 


TMM2764DI-15, TMM2764DI-2 
TMM2764DI 


DESCRIPnON 

The TMM2764DI is a 8192 wordxS bit ultravio¬ 
let light erasable and electrically programmable read 
only memory. For read operation, the TMM 
2764Drs access time is 150ns(TMM2764DI-l 5)/ 
200ns(TMM2764DI-2)/250ns(TMM2764DI), and 
the TMM2764DI operates from a single 5-Volt 
power supply and has low power standby mode 
which reduces the power dissipation without 
increasing access time. 


The standby mode is achieved applying a TTL- 
high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. j 

For program operation, the programming is 
achieved by apply ing a 50ms active TTL low program 
pulse to the PGM input, and it is possible to program 
sequencially, individually, or at random. 



• Wide operating temperature range ; -40~85“C 

• Single 5-volt power supply 

• Fast access time: TMM2764DI-15; 150ns(Max.) 

TMM2764DI-2; 200ns(Max.) 
TMM2764DI ; 250ns(Max.) 

• Power dissipation : 100mA (active current) Max. 

25mA (standby current) Max. 

• Low power standby mode : ^ 

• Output buffer control : OE 


• Fully static operation 

• Programs with one 50ms pulse or 
high speed programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764 and ROM 
TMM2364P 

BLOCK DIAGRAM 


PIN 


(TOP VIEW) 


Vppl 1 
A12l 2 
A 7 ( 3 
Agl 4 
AgC 5 
A4J 6 
A3( 7 
A2I8 
All 9 
Ao« 10 
Ool 11 

Oi( 12 
O 2 C 13 
OHPqiA 


28I Vgc 

27 JPOM 
26 IN.C, 
25 )A8 
24 ] Ag 
23 1^1 
22 )0E 
21 I Aio 
20 ICE 
19 IO7 
18 lOg 
17 JO5 
I 61 O 4 
15 IO3 


PIN NAMES 


(N 

< 

1 

0 

< 


Oo~07 

OutputS^nputs) 

CE // 

Chip Enable Input 


Output Enable Input 

PGM 

Program Control Input 

N. C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-I-5V) 

GND 

Ground 


Vpp OND Vqq Oq Oj O2 O3 O4 O5 O5 O7 


SEo 

Cl o 

FJITo 


71 CEanlFoR 
. CIRCUIT 


OUTPUT BUFFERS 

_L_ _L_ 


J- 



COLUMN I/O 
CIRCUIT 






■ 

ROW 

256 

MEMORY CELL 

ARRAY 

8192X8 bits 

DECODER 




PIN 

MODE^..^ 

PGM 

(27) 

CE 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 

POWER 

Read 

0 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

B 

B 

H 

High Impedance 

Standby 

D 

0 

* 

High Impedance 

Standby 

Program 

L 

■■ 

D 

21V 

5V 

r' 

Data In 

Active 

Program 

Inhibit 

♦ 

0 

D 

High Impedance 

D 

a 

0 

High Impedance 

Program 

Verify 

H 

B 

B 

Data Out 


Note ♦ : H or L 
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SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-22.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VoUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

w 

Tsolder 

Soldering Temperature • Time 

260- 10 

'C'sec 

Tstrg 

Storage Temperature 

-65-125 

•c 

Topr. 

Operating Temperature 

-40-85 

•c 


READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONG 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

- 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.2 

Vcc 

Vcc+0.6 

V 


D. C. and OPERATNIG I^RAOrmimOS (Ta=-40~85’C, Vcc=5V±6%, unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN=0—Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

< 

I 

- 

- 

25 

mA 

ICC2 

Supply Current (Active) 

m 

II 

< 

r* 

- 

- 

100 

mA 

VOH 

Output High Voltage 

1 OH = —400|< A 


- 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=0—Vcc+0.6 

- 

- 

±10 

mA 

Ilo 

Output Leakage Current 

Vout=0.4— Vcc 

- 

- 

±10 

aA 


;.A,,,C. CHARACTERISTICS , (Ta=-40-85”C, Vcc=5V±5%, Vpp= 2 . 2V-~Vcc+0.6V, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TMM2764DI-15 

TMM2764DI-2 

TMM2764DI 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

- 

250 

ns 

tCE 

CE to Output Valid 

- 

150 

- 

200 

- 

250 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

70 

- 

100 

ns 

tPGM 

PGM to Output Valid 

- 

70 

- 

70 

— 

100 

ns 

tDFl 

CE to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

0 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

- 

0 

- 

ns 


A. C. Test Conditions 

• Output Load ; 1 TTL Gate and Cl=100pF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.6V to 2.4V 

• Timing Measurement Reference Level ; Inputs IV and 2V, Outputs 0.8V and 2.0V 
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TMM2764Dlr15, TMM2764DI-2 
TMM27640ll 


CAPACITANCE * IT3=25C'. 


SYMBOL 

PARAMETER 

1 CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

o 

II 

z 

> 

- 

4 

6 

PF 

COUT 

Output Capacitance 

VouT=OV 

- 

8 

12 

PF 


♦ This parameter is periodically sampled and is not 100% tested. 


TIMINQ WAVEFORMS (READ) 



PROGRAM OPERATION 

D. C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

O.B 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.0 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21.0 

21.5 

V 


D. C. and OPERATING CHARACTERISTICS {Ta=25±5-C, Vcc=5V±5%. Vpp=21V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

< 

z 

II 

O 

1 

n 

- 

- 

±10 

aA 

VOH 

Output High Voltage 

loH= —400/<A 

Bl 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1mA 

- 

- 

EEI 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

100 

mA 

lpP2 

Vpp Supply Current 

Vpp=21.5V 

- 

- 

30 

mA 
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A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Meausrement Reference Level 


1 TTL Gate and CUIOOpF) 

10ns Max. 

0.6-2.4V 

Input IV and 2V ; Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

• PROGRAM OPERATION 1. (Vpp=21 V + 0.5V) 























TMM2764DI-t5, TMMj276.41>lr2 
TMM2764Di 


ERASURE CHARACTERISTICS 

The TMM2764Drs erasure is achieved by apply¬ 
ing shortwave ^jltraviolet light which has a wave¬ 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (Ultraviolet light intensity 
[w/cm*] Xexposure time [sec.] ) for erasure should 
be a minimum of 15 [w. sec/cm*] 

When the Toshiba sterilizing GL-15 is used and 
the device is exposed at a distance of 1 cm from the 
lamp surface, the erasure will be achieved within 60 
minutes. 

And using commercial lamps whose ultraviolet 

OPERATION INFORMATION 

The TMM2764Drs six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



The TMM2764DI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. _ _ _ 

Assuming that CE = OE=ViLand PGM=Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CF=Vih or ^ =Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2764DI can be connected. 


light intensity is a 12000 [//w/cm^] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated dose is 12000 [/<w/cm*] x (20x60) [sec] 
= 15 [w.sec/cm*] .) 

The TMM2764Drs erasure begins to occur when 
exposed to light with wavelength shorter than 
4000A. The sunlight a/id the flourescent lamps will 
include 3000~4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time,the opaque seals-Toshiba 
EPROM Protect Seal AC901-are available. 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


The CE to output valid (tcE) is equal to the address 

access time (tAcc). _ 

Assuming thatCE=ViL, PGM=Vih and all addresses 
are valid, the output data is valid at the outputs after 
toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


together o n a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



PGM 

(27) 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

READ 

OPERATION 

(Ta = -40~85'C) 

Read 


L 

L 

5 V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Active 

Standby 

♦ 


♦ 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5"C) 

Program 

L 

L 

* 

21V 

5V 

Data In 

Active 

Program Inhibit 

* 

H 

♦ 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note H : Vih, L : Vil, ♦ : Vih or Vil 


STANDBY MODE 

The TMM2764DI has a low power standby mode reduce the operating current from 100mA to 25mA, 

controlled by the CE signal. _ and then the outpus are in a hi gh im pedance state. 

By applying a TTL high level to the CE input, the independent of the OE and the PGM inputs. 
TMM2764DI is placed in the standby mode which 
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TMM2764DI-15, TMM2764DI-2 
TMM2764DI 


PROGRAM MODI 

Initially, when received by custonners, all bits of 
the TMM2764DI are in the ”1" state which is erased 
state. 

Therefore the program operation is to introduce 
"Os’ data into the desired bit locations by electrically 
programming. 

The TMM2764DI is set up in the program opera¬ 
tion mode when applied the pr ogram voltage (-1-21V) 
to the Vpp terminal under CE = PGM = OE =Vih. 

The program opera tion oc curs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 

PROGRAM VERIPY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROQARM INHIBIT MODE 

Under the condition that the program voltage (± 
21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764DI from being 
programmed. 

Programming of two or more TMM2764Dls in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE(2 tYPESI 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (-1- 21V) 
is applied to the Vpp terminal with Vcc = 6V and PGM 
= VlH. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then pro- 


50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi¬ 
mum value is 55ms. 

The levels required for all inputs are TTL. 

The TMM 2764DI can be programmed any loca¬ 
tion at anytime-either individually, sequentially, 

or at random. 

The TMM2764DI should not be progra mmed 
with D. C. signal applied to both CE and PGM 
inputs. 


T he ver ify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, ar^ a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 
After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
= 5V. 

TYPE 1 : A=15, B = 4 
TYPE 2 : A=20, B = 1 








TMM2764Dt-15, TMM2764DJ^2 
TMM2764DI 


HIGH SPEED PROGRAM OPERATION 

D. O. RiCOMMiNDiD OPERATING CONOlflOV^ 


SYMBOL 

PARAMETER 

MIN. 

TYP. 



ViH 


2.2 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.0 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21 .0 

21.5 

V 


D. C. and OPERATING CHARACTERISTICS. (Ta-25±5“C. Vcc=6V±o.25V, Vpp=21V±o.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 





III 

Input Current 

< 

z 

II 

O 

/ 

< 

o 

o 

- 

- 

±10 


VoH 

Output Fligh Voltage 

loH= —400/^A • 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

100 

mA 

IPP2 

Vpp Supply Current 

Vpp=21 .5V 

- 

- 

30 

mA 


A. C, PROGRAMMING “CHARACTERISTICS. (Ta = 25±5X, Vcc=6V±0.25V, Vpp = 21V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 


UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 


tCES 

CE Setup Time 

- 

2 

- 

- 


tCEH 

^Hold Time 

- 

2 

- 

- 

AS 

tos 

Data Setup Time 

- 

2 

- 

- 

AS 

tOH 

Data Hold Time 

- 

2 

- 

- 

AS 

tvs 

Vpp Setup Time 

- 

2 

— 

- 

AS 

tPW 

Program Pulse Width 

- 


1 .0 


ms 

tOPW 

Additional Program Pulse Width 

Note 1 

A 

- 

B 

ms 

tPRT 

Program Pulse Rise Time 

- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tOE 

OE to Output Valid 

- . 

- 

- 

100 

ns 

tDF2 

OE to Output in High Z 

f^l 

m 

II 

< 

- 

- 

90 

ns 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Referene Level 


1 TTL Gate and CUIOOpF) 

10ns Max. 

0.6V and 2.4V 

Input IV and 2V ; Output 0.8V and 2.0V 


Note: 1. topw depends on the program pulse width which is required in the initial Program. 

(TYPE 1 : A=3.8, B = 63, TYPE 2 : A=0.95, B=21) 
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TMM2764DI-15, TMM2764DI-2 
TMM2764DI 


HIGH SPEED PROGRAM MODE HOW CHARTT 



TYPE 1 : A=15, B=4X 
TYPE 2 : A=20, B=X 


ADDRESS= 


OVERPROQRAM B PULSES OP Imeec 

NEXT ADDRESS 


OR ONE PULSE OFBmsec DURATION 
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VALID 


STABLE 


PROGRAM 


PROGRAM 


ADDRESSES 


Oq ■“ O 7 UNKNOWN 


PROGRAM 

VERIFY 


INITIAL PROGRAM 


ADDITIONAL PROGRAM 












1 7.4MAX 


Mote 2 


Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

This value is measured at the end of leads. 

All dimensions are in millimeters. 






















TMM2764DM5, TMM276401'2 
TMM2764DI 


Note ; Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ 
ONLY MEMORY PRELIMINARY 

N CHANNEL SILICON STACKED GATE MOS 


TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


DESCRIPTION 

The TMM2764AD Is a 8192 word X 8 bit ultraviolet light erasable and electrically programmable read only 
memory. For read operation, the TMM2764AD’s access time is 150ns/200ns, and the TMM2764AD operates from a 
single 5-volt power supply and has a low power standby mode which reduces the power dissipation without 
increasing access time. The standby mode is achieved by applying a TTL-high level signal to the CE input. The 
maximum active current is 100mA and the maximum standby current is 30mA. For program operation, the 
programming is achieved by using the high speed programming mode. The TMM2764AD is fabricated with the N- 
channel silicon double layer gate MOS technology. 

FEATURES 

Fully static operation 
High speed programming mode 
Single location programming 
Three state outputs 
Inputs and outputs TTL compatible 
Pin compatible with i2764A 



-15 1 -20 

-150 1 -120 

Vcc 

5V±5% 

5V±10% 

‘ACC 

150ns 1 200ns 

150ns 1 200ns 

ICC2 

100mA 

'cci 

30mA 


PIN CONNECTION 

(TOP VIEW) 


Lower 24 pins 
compatible with 
32 bit EPROM 
TMM2732D 



TMM2732D 
(TOP VIEW) 


BLOCK DIAGRAM 



Vpp GND Vcc 


O 3 O 4 O 5 06 O 7 



PIN NAMES MODE SELECTION 


PIN 

MODE^ 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

standby 

* 

H 

* 

High Impedance 

Standby 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 


* 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


* Don’t Care 


AO - A13 

Address Inputs 

Oq ~ O 7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (+5V) 

GND 

Ground 
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T1\/IM2764AEM5^ TMIVr2764AD-150 
TMM2764AD-20, TMM2764AD-200 



MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

o 

1 

CD 

d 

1 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

V|N 

Input Voltage 

-0.6~7.0 

V 

V|/0 

Input/Output Voltage 

-0.6~7.0 

V 

Pd 

Power Dissipation 

1.5 

w 

TSOLDER 

Soldering Temperature • Time 

260-10 

°C • sec 

TsTG 

Storage Temperature 

-65-125 

°C 

TOPR 

Operating Temperature 

0-70 

-c 


READ OPERATION 


D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM2764AD-15/20 

TMM2764AD-150/200 

Ta 

Operating Temperature 

0-70°C 

0~70°C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

5V±10% 

Vpp 

Vpp Power Supply Voltage 

2.0-VCC+0.6V 

2.0~Vcc+0.6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

V|N=0~Vcc 

- 


±10 

juA 

'lo 

Output Leakage Current 

VoUT=0.4~Vcc 

- 


±10 

(jlA 

'cci 

Supply Current (Standby) 

CE=V|h 

- 


30 

mA 

ICC2 

Supply Current (Active) 

CE=V|l 



100 

mA 

V|H 

Input High Voltage 

- 

2.0 

- 

Vcc+1-0 

V 

V|L 

Input Low Voltage 

- 

-0.3 


0.8 

V 

VOH 

Output High Voltage 

ioh~~^®^aA 

2.4 


- 

V 

VOL 

Output Low Voltage 

Iol= 2.1 mA 

- 


0.4 

V 

'PPI 

Vpp Current 

Vpp=0 —Vqq+0.6 



±10 

fjA 

















TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, tlVIM2764AD-200 


A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM2764AD-15/150 

TMM2764AD-20/200 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

Ucc 

Address Access Time 

- 

150 


200 

ns 

tCE 

CE to Output Valid 

- 

150 

- 

200 

tOE 

OE to Output Valid 

- 

70 


70 

tPGM 

PGM to Output Valid 

- 

70 


70 

tDFI 

CE to Output High-Z 

0 

60 

0 

60 

tDF2 

OE to Output High-Z 

0 

60 

0 

60 

tDF3 

PGM to Output High-Z 

0 

60 

0 

60 

tOH 

Output Data Hoid Time 

0 


0 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2V, Outputs 0.8V and 2.0V 


CAPACITANCE * {Ta=25°C, f=1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N=OV 


4 

6 

pF 

Gout 

Output Capacitance 

VoUT=OV 


8 

12 

PF 


* This parameter is periodically sampled and is not 100% tested. 
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TMM2764AD-1 

TMM2764AD-2 


TIMING WAVEFORMS (READ) 
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: TMM2764AD-15, TMM2764AD-150 

TMM2764AD-20, TMM2764AD-200 

HIGH SPEED PROGRAM OPERATION 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 


Vcc+10 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 


Vcc Power Supply Voltage 


6 . 0 * 


V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


* - 150/200 ± 10 %; - 15 / 20 ± 5 % 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, Vdd= 6V±0.25V, Vpp=1 2.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

'Ll 

Input Current 

V|N=0~Vcc 


- 

+10 

tiA 

Vqh 

Output High Voltage 

IOH~^00/iA 

2.4 

- 


V 

Vql 

Output Low Voltage 

IOi_~2.1 mA 

- 

* 

0.4 

V 

'cc 

Vcc Supply Current 

- 

- 


100 

mA 

Ipp 2 

Vpp Supply Current 

Vpp=13.0V 

- 


50 

mA 

V|D 

A9 Auto Select Voltage 

- 

11.5 

12.0 

__ 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 



AS 

tAH 

Address Hold Time 

- 

2 



AS 

l!9^Hli 

CE Setup Time 

- 

2 



/iS 


CE Hold Time 

- 

2 



AS 

tDS 

Data Setup Time 

- 

2 



AS 

tDH 

Data Hold Time 

- 

2 



AS 

tvs 

Vpp Setup Time 

- 

2 



AS 

tpw 

Program Pulse Width 

- 

0.95 

1.0 

1.05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 

2.85 

- 

78.75 

ms 

tpRT 

Program Pulse Rise Time 

- 

5 



ns 

tpFT 

Program Pulse Fall Time 

- 

5 


- 

ns 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output in High-Z 

CE=V|l 

- 


90 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


; 1 TTL Gate and Cl (lOOpF) 
10ns Max. 

: 0.45V and 2.4V 
: Input/Output 0.8V and 2.0V 


Note 1: topw depends on the program pulse width which is required in the initial program. 

























TI\/IM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


TIMING WAVEFORMS (HIGH SPEED PROGRAM) 



Note: 1. Vcc ^Tiust be applied simultaneously or before Vpp and cut off simultaneously 

or after Vpp. 

2. Removing the device from socket or setting the device in socket with 
Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so a 
voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 14V. 
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TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


ERASURE CHARACTERISTICS 

The TMM2764AD’s erasure is achieved by applying shortwave ultraviolet light which has a 
wavelength of 2537A (Angstroms) to the chip through the transparent window. The integrated dose 
(Ultraviolet light intensity [w/cm^] x exposure time [sec.]) for erasure should be a minimum of 15 [w 
sec/cm]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1cm 
from the lamp surface, the erasure will be achieved within 60 minutes. Using commercial lamps whose 
ultraviolet light intensity is 12000 [jaw • cm^] will reduce the exposure time to about 20 minutes. (In this 
case, the integrated does is 12000 [yuw/cm^] x (20 X 60) [sec] = 15 [w • sec/cm^j.) 

The TMM2764AD’s erasure begins to occur when exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will include 3000~4000A wavelength components. 
Therefore when used under such lighting for extended periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 

OPERATION INFORMATION 

The TMM2764AD’s six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. In the read operation mode, a single 5V power 
supply is required and the levels required for all inputs are TTL. 


PIN NAMES(Number) 

PGM 

CE 

OE 

Vpp 

Vcc 

Oq-Oj 


MODE 

READ 

OPERATION 

(Ta=0~70°C) 

Read 

(27) 

H 

(20) 

L 

(22) 

L 

(1) 

5V 

(28) 

5V 

(11-13, 15-19) 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta=25+5°C) 

Program 

L 

L 

* 

12.5V 

6 V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


Note: H; V||-|, L; V|l, *; V||-j orV|i_ 











TMIVr2764AD-15, TMWia7.64AD-150 
TMM2764AD‘20, TMM2764Ab-200 


READ MODE 

The TMM2764AD has three control functions. The chip enable (^) controls the operational power 
and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, independent of 
device selection. 


Assuming that CE=OE=V|i_ and PGM=V|h, the output data is valid at the outputs after address 
access time from the stabilization of all addresses. 

The CE to output valid (tCE) is equal to the address access time (tACC)- 

Assuming that CE=V|l, PGM =V|H and all addresses are valid, the output data is valid at the outputs 
after tOE from the falling edge of OE. 

And assuming that CE=OE=V|l and a ll addresses are valid, the output data is valid at the outputs 
after tpGM from the rising edge of PGM. 

OUTPUT DESELECT MODE 

When CE=V|h or OE=V|h, the outputs will be in a high impedance state. So two or more 
TMM2764AD can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TMM2764AD has a low power standby mode controlled by the CE signal. 

By applying a TTL high level to the CE input, the TMM2764AD Is placed in the standby mode which 
reduces the operating current from 100mA to 30mA, and then the outputs are in a high impedance 
state, independent of the OE and the PGM inputs. 

PROGRAM MODE 

Intially, when received by customers, all bits of the TMM2764AD are in the “V state which is the 
erased state. 

Therefore the program operation is to introduce “Os” data into the desired bit locations by 
electrically programming. 

The levels required for all inputs are TTL. The TMM2764AD locations can be programmed either 
individually, sequentially, or at random. 




TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is correctly programmed into the device. 

The verify is accomplished with OE and CE at V|L and PGM at V|H- 

PROGRAM INHIBIT MODE 

Un der the condition that a program voltage (12.5V ) is applied to Vpp terminal, a high level ^ or 
PGM input inhibits the TMM2764AD from being programmed. 

Programming of two or more TM M276 4ADs in parallel with different data is easily accomplished. 
That is, all inputs except for CE o r PGM may be commonly connected, and a TTL low level program 
pulse is applied to the CE or PGM of the desired device only and TTL high level signal is applied to the 
other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming mode. The device 
is set up in the high speed program ming mode when the programming voltage (+12.5V) is applied to 
the Vpp terminal with Vcc=6V and PGM=V|h. 

The programming is achieved by applying a single TTL low level 1 ms pulse to CE input after 
addresses and data are stable. Then the programmed data are verified using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1 ms is applied and then 
programmed data is verified. This should be repeated until the program verifies (max. 25 times). 

After correctly programming the selected address, one additional program pulse with pulse width 3 
times that needed for programming is applied. 

When programming has been completed, the data in all addresses should be verified with 
VCC=VPP=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 
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TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows reading out a code from the TMM2764AD which identifies its 
manufacturer and device type. 

The programming equipment may read out manufacturer and device code from the TMM2764AD by 
using this mode before program operation to automatically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address 
lines are set to V|l in read operation. Data output in this conditions is manufacturer code. Device code 
is identified when address AO is set to Vih- These two codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of TMM2764AD. 


~ ^--- PINS 

AO 

0? 

06 

O5 

O 4 

O3 

O 2 

0i 

Oo 

HEX. 

SIGNATURE _____ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

( 12 ) 

( 11 ) 

DATA 

Manufacture Code 

V|L 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

0 

1 

0 

1 

0 

0 

1 

0 

52 


A9=12V±0.5V _ _ 

A1 ~A8, A10~A12, CE, OE=V|l 
P^=V|H 


Notes: 





















TOSHIBA MOS MEMORY PROOUCTS 


16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 


TMM27128D-15, TMM27128D-20 
TMM27128D-25 


DESCRIPTION 

The TMM271 28D is a 1 6384 word x 8 bit ultra¬ 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
271 28D's access time is 150ns/200ns/250ns, and 
the TMM27128D operates from a single 5-volt 
power supply and has a low power standby mode 
which reduces the power dissipation without 
increasing access time. 


The standby mode is achieved by applying a TTL- 
high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. 

For program operation, the programming is 
achieved by apply ing a 50ms active TTL low program 
pulse to the PGM input, and it is possible to program 
sequentially, in individually, or at random. 


FEATURES 

• Single-5Volt power supply 

• Fast access time : TMM27128D-15 150ns 

TMM27128D-20 200ns 
TMM27128D-25 250ns 

• Power dissipation : 100mA (active current) Max. 

25mA (standby current) Max. 


• Fully static operation 

• Programs with one 50ms pulse or 
high speed programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i27128 


• Low power standby mode ; CE 

• Output buffer control : OE 

PIN CONNiCTKM^ (TOP VIEW) 


Vpp[ 

1 

28 

]Vcc 

A12C 

2 

27 

]POM 

A7[ 

3 

26 

]Ai3 

Ael 

4 

25 

]A8 

A5C 

5 

24 

JAg 

A4[ 

6 

23 

]All 

A3[ 

7 

22 

]0E 

A2C 

8 

21 

lAio 

Alt 

9 

20 

JOB 

AqC 

10 

19 

307 

OqC 

11 

18 

]06 

OiC 

12 

17 

305 

O2I: 

13 

16 

3O4 

ONDC 

14 

15 

3O3 


PIN NAMES 


Ao~Ai3 

Address Inputs 

Oo~07 

Outputs (Inputs) 


Chip Enable Input 


Output Enable Input 


Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpp QND Vgc Oq Oi Og O3 O4 O5 Og 0,, 



MODE SELECTION 


PIN 

MODE 

PGM 

(27) 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POVVER 

Read 

H 

L 

L 



Data Out 

Active 

Output 

Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Standby 

* 

H 

* 



High Impedance 

Standby 

Program 

L 

L 

* 



Data In 


Program 

* 

H 

* 

21V 

5V 

High Impedance 

Active 

Inhibit 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 



Data Out 



Note * : H or L 
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MAXIMUM RA1 



ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-22.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VoUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260-10 

”C-sec 

Tstrg. 

Storage Temperature 

-65-1^ 

"C 

Topr. 

Operating Temperature 

o 

) 

o 

°C 


READ OPERATION 

D. C. RECOMMENDED ORiRAfINQ 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input Fligh Voltage 

2.0 

- 


V 

ViL 

Input Low Voltage 

-3.0 

- 


V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 


V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc + 0.6 

V 


D. C. and ORERATINO CMAftACTiRISTK^ (Ta=0~70°C, Vcc=5V±5%, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 



MAX. 


III 

Input Current 

< 

z 

II 

O 

1 

< 

o 

o 

- 

- 

±10 


Icci 

Supply Current (Standby) 

CE=Vih 

- 

- 

25 


ICC2 

Supply Current (Active) 

^=VlL 

- 

- 

100 



Output Fligh Voltage 

loH= — 400 juA 

m 

- 

- 

V 

VoL 


Iol= 2.1 mA 

- 

- 

QEI 

V 

IpPl 

Vpp Current 

Vpp = 0—Vcc+0.6 

- 

-1 


aA 

Ilo 

Output Leakage Current 

Vout=0.4— Vcc 

- 

- 

BQ 

aA 


A. C. CHARACTERISTICS {Ta = 0~70’C. Vcc = 5V±5%. Vpp=2.0V~Vcc+0.6V, Unless otherwise noted) 



PARAMETER 







MIN. 

MAX. 



tACC 

Address Access Time 

- 

150 

- 


- ■ 

250 

ns 

tCE 

CE to Output Valid 

- 

150 

- 


- 

250 

ns 


OE to Output Valid 

- 

70 

- 


- 

100 

ns 


PGM to Output Valid 

- 

70 

- 

70 

- 

100 

ns 

tOFI 

CE to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

tDF2 


0 

60 

0 

60 

0 

90 

ns 

tDF3 

PGM to Output in Fligh-Z 

0 

60 

0 

60 

0 

90 

ns 

tOH 

Output Data Flold Time 

0 

- 

0 


0 


ns 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Iput Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci^lOOpF 
10ns Max. 

0.8V to 2.2V 

Inputs IV and 2V, Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25"C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

< 

z 

II 

O 

< 

- 

4 

6 

pF 

CoUT 

Output Capacitance 

VouT=OV 

- 

8 


pF 


* This paramater is periodically sampled is not 100% tested. 


TIMING WAVEFORMS (READ) 



PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

■ - 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.0 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21 .0 

21.5 

V 


D.C. 9rt<i OPERATING CHARACTERISTICS . (Ta = 25±5’C, Vcc=5V±5%. Vpp=21 V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

< 

z 

II 

O 

1 

< 

o 

o 

- 

- 

±10 


VOH 

Output High Voltage 

loH = —400;<A 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 


100 mA 

IPP2 

Vpp Supply Current 

Vpp = 21 .5V 



30 ' mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5"C, Vcc=5V±5%, Vpp=21V±0.5V) 


SYMBOL 

PARAMETER 

tAS 

Address Setup Time 

tAH 

Address Hold Time 


CE Setup Time 


TEST CONDITION 


tos 

Data Setup Time 

tDH 

Data Hold Time 

tPS 

PGM Setup Time 

tPH 

PGM Hold Time 

tOES 

OE Setup Time 

tvs 

Vpp Setup Time 

tpw 

Program Pulse Width 

tCP 

Program Recovery Time 

tPRT 

Program Pulse Rise Time 

tPFT 

Program Pulse Fall Time 

tCE 

CE to Output Valid 

tOE 

OE to Output Valid 

tDF1 

^to Output in High Z 

tDF2 

OE to Output in High Z 


PGM=CE=Vil 


OE=Vil 


CE=Vil 


A. C. Test Conditions 


• Output Load 

: 1 TTL Gate and Ct^lOOpF 

• Input Pulse Rise and Fall Time 

: 10ns Max. 

• Input Pulse Levels 

: 0.8V and 2.2V 

• Timing Measurement Reference Level 

; Input IV and 2V ; Output 0.8V and 2.0V 























































































9 .\...--'T :..^V. I ■ 





TIMING WAVSFORMS (PROGRAM! 

• PROGRAM OPERATION 1. (Vpp=21 V+0.5V) 

Ao~ Ai3 





k 

-4 

,^DF2 

— h* — 



tOE 

— H 



Dotjt valid 



Oq ~ O7 



Note ; 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 21V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 22V. 
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ERASURE CHARACTERISTICS 

The TMI\/I271 28D's erasure is achieved by apply¬ 
ing shortwave ^ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated does (Ultraviolet light intensity 
[w/cm^] Xexposure time [sec. ] ) for erasure 
should be a minimum of 15 [w. sec/cm^]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

And using commercial lamps whose ultraviolet 


light intensity is a 1 2000 [//w/cm^] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated does is 12000 [^uw/cm^] x (20x60) 
[sec] =15 [w*sec/cm^] .) 

The TMM27128D's erasure begins to occur 
when pxposed to light with wavelength shorter than 
4000A. The sunlight ajid the flourescent lamps will 
include 3000~4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 


OPERATION INrpRnflATlON 

The TMM27128D's six operation modes are list¬ 
ed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


- 

PGM 

(27) 

CE 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo—O? 

(11-13, 15-19) 

POWER 

READ 

OPERATION 

(Ta = 0~70"C) 

Read 

H 

L 

L 



Data Out 


Output Deselect 

♦ 

♦ 

H 

High Impedance 

Active 

Standby 

♦ 

H 

♦ 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5-C) 

Program 

L 

L 

* 

21V 

_ 

5V 

Data In 

Active 

Program Inhibit 

★ 

H 

♦ 

High Impedance 

Active 

H 

L. 

H 

High Impedance 


Program Verify 

H 

L 

LJ 

Data Out 

Active 


Note H : Vih, L ; ; Vil, * : Vih or Vil 


READ MODE 

The TMM 27128D has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. _ _ _ 

Assuming that CE = 0 E=Vil and PGM=Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 


The CE to output valid (tcE) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE=\/il, PGM=Vih and all ad¬ 
dresses are valid, the output is valid at the outputs 
after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


OUTPUT DESELECT MODE 

Assuming that ^=Vih or OE=Vih, the outputs together o n a common bus line, 
will be in high impedance state. When CE is decoded for device selection, all 

So two or more TMM27128D can be connected deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM271 28D has a low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the ^ input, the 
TMM27128D is placed in the standby mode which 


reduce operating current from 100mA to 25mA, and 
then the outputs are in a hig h imp edance state, 
independent of the OE and the PGM inputs. 


PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM271 28D are in the "1" state which is erased 
state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 

TheTMM27128D is set up in the program oper¬ 
ation mode when applied the pro gram voltage { + 
21V) to the Vpp terminal under CE = PGM=:OE =Vih. 

The program opera tion oc curs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 


50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi¬ 
mum value is 55ms. 

The levels required for all inputs are TTL. 

The TMM27128D can be programmed any loca¬ 
tion at anytime-either individually, sequentially, 

or at random. 

The TMM27128D should not be progra mmed 
with D. C. signal applied to both CE and PGM 
inputs. 


PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is T he ve rify is accomplished with OE and CE at Vil 

correctly programmed on the programmed bits. and PGM at Vih. 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage (-1- 
21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128D from being 
programmed. 

Programming of two or more TMM27128Ds in 
parallel with different data Is easily accomplished. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


HIGH SPEED PROGRAMMING MODE {2 TYPES) 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (-I- 21V) is 
applied to the Vpp terminal with Vcc = 6V and PGM = 

Vih. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then pro¬ 


grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 
After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
-5V. 

TYPE 1 : A=15,B = 4 
TYPE 2 : A=20,B=1 
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PARAMETER 


Input High Voltage 


Input Low Voltage 


Vcc Power Supply Voltage 


Vpp Power Supply Voltage 


P. C* ami OPEHATINP CMARAOTEfirOTOS ; (Ta=25±5“C, Vcc=6V±o.25V, Vpp=21v±o.5V) 



PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

Input Current 

ViN=0~Vcc 

- 

- 

Output High Voltage 

loH= —400/<A 

BSM 

- 

Outpu Low Voltage 

Iol=2 .1 mA 

- 

- 


Vcc Supply Current 


Vpp Supply Current 


Vpp=21 .5V 



A>/C. pHOGRAMMlWa CHARACTERISTICS. (Ta = 25±5'C, Vcc=6V±0.25V, Vpp=21 V±0.5V) 


SYMBOL PARAMETER 








TEST CONDITION 



tOH 

Data Hold Time 

tvs 

Vpp Setup Time 

tPW 

Program Pulse Width 


Additional Program Pulse Width 


tPRT 

Program pulse Rise Time 

tPFT 

Program Pulse Fall Time 




A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CillOOpF) 

10ns Max. 

0.8V and 2.2V 

Input IV and 2V ; Output 0.8V and 2.0V 


Note : 1. topw depends on the program pulse width which is required in the initial program. 
(TYPE 1 ; 3.8, B = 63, TYPE 2 : A=0.95, B = 21) 


Ano 
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HIGH SPEED PROGRAM MOK FLOW 


TYPE 1 : A=15 , 
TYPE 2 : A=20 , 



B=4X 

B=X 
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TMM2 


DqUT 

VALID 


PROGRAM 


^OPW 


PROGRAM 


ADDRESSES 


PGM 


Vpp 


^CEH 


ADDITIONAL PROGRAM 


UNKNOWN 


Pin 

STABLE 


PROGRAM 

VERIFY 


INITIAL PROGRAM 


TIMING WAVEFORM (HIGH SPEED PROGRA 
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Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

®Aug.. 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


16,384 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 


TMM27128DI-15, TMM27128DI-20 
TMM27128DI-25 


DESCRIPTION 

The TMM271 28DI is a 1 6384 word x 8 bit ultra¬ 
violet light erasable and electrically programmable 
read only memory. 

For read operation, the TMM271 28Drs access 
time is 1 50ns/200ns/2 50ns, and the 
TMM271 28DI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 



• Wide operating temperature range : -40~-85”C 

• Single 5-volt power supply 

• Fast access time ; TMM271 28DI-1 5 150ns 

TMM27128DI-20 200ns 
TMM27128DI-25 250ns 

• Power dissipation ; 100mA (active current) Max. 

25mA (standby currest) Max. 


access time. The standby mode is achieved by ap¬ 
plying a TTL-high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. 

For Program operation, the programming is 
achieved by apply ing a 50ms active TTL low program 
pulse to the PGM input, and it is possible to program 
sequentially, individually,or at random. 


• Low power standby mode ; 

• Output buffer control : OE 

• Fully static operation 

• Programs with one 50ms pulse or high speed 
programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with 127128 


PIN CONNECTION 


(TOP VIEW) 


Vcc 

POM 

A« 

Ag 

Ml 

OE 

Mo 

CE 

O 7 

Oe 

05 

04 

03 


PIN NAMES 


Vpp[ 

1 

28 

Ai2 [ 

2 

27 

A7 [ 

3 

26 

Ae [ 

4 

25 

AeC 

5 

24 

A4[ 

6 

23 

A3C 

7 

22 

Agc 

8 

21 

Alt 

9 

20 

AoC 

10 

19 

OoC 

11 

18 

Oil 

12 

17 

Ozl 

13 

16 

ONDC 

14 

15 


Ao~Ai3 

Address Inputs 

0 

0 

1 

0 

Outputs (Inputs) 

cT 

Chip Enable Input 


Output Enable Input 


Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-I-5V) 

GND 

Ground 


BLOCK DIAGRAM 


_C|' 

POM 

Aq 

Al 

Ag 

A 3 

A4 

A 5 

Ae 

A7 

As 

Ag 

AlO 

All 

Ai2 

A13 


Vpp QND Vqq Oq Oi O2 O3 O4 O5 Os O7 



MODE SELECTION 


PIN 

IV10DE\^ 

PGM 

(27) 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 



Data Out 

Active 

Output 

Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Standby 

♦ 

H 

* 



High Impedance 

Standby 

Program 

L 

L 

* 



Data In 


Program 

♦ 

H 

* 

21V 

5V 

High Impedance 

Active 

Inhibit 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 



Data Out 



NotP is ; H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 


Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-22.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VoUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260• 10 

"C'sec 


Storage Temperature 

-65-125 

“C 

Topr. 

Operating Temperature 

-40-85 

"C 


READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+ 1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.2 

Vcc 


V 


D. C. and OPERATING CHARACTERISTICS (Ta=-40~85°C, Vcc=5V±5%, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

o 

u 

> 

1 

O 

II 

z 

> J 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

CE=Vih 

- 

- 

25 

mA 

ICC2 

Supply Current (Active) 

> 

, II 
LU 

lu 

- 

- 



VoH 

Output High Voltage 

loH= “400//A 

2.4 

- 


HDB 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 


V 

IPPI 

Vpp Current 

Vpp= 0—Vcc+0.6 

- 

- 


aA 

Ilo 

Output Leakage Current 

Vout= 0.4—Vcc 

- 

- 

±10 

aA 


A. C. CHARACTERISTICS , (Ta = —40~85”C, Vcc=5V±5%, Vpp=2.2V~Vcc + 0.6V, Unless otherwise noted) 



PARAMETER 

TMM27128DI-15 

TMM27128D1-20 

TMM27128DI-25 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

- 

250 


tCE 

CE to Output Valid 

- 

150 

- 

200 

- 


ns 

tOE 

OE to Output Valid 

- 

70 


70 

- 


ns 

tPGM 

PGM to Output Valid 

- 

70 

- 

70 

- 


ns 

toFI 

CE to Output in High-Z 


60 

0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 


60 

0 

60 

0 

90 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

- 

0 

- 

ns 


A. C. Test Conditions 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= 10OpF 
10ns Max. 

0.6V to 2.4V 

Inputs IV and 2V, Outputs 0.8V and 2.0V 


















































tft ^ 
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TMM27128DM5 

TMM27128DI-25 
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CAPACITANCE * (Ta = 25”C, f=lMHz) 

SYMBOL PARAMETER ~ 

CiN Input Capacitance Vin = OV 

Cout Output Capacitance \/out=OV 

* This parameter is periodically sampled is not 100% tested. 

TIMING WAVEFORMS (READ) 


TEST CONDITION 


- 4 

- 8 


MAX 


6 

n 

PF 


12 


PF 



Oq ~ O7 



PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL _ PARAMETER _ 

ViH Input High Voltage 


ViL Input Low Voltage 


Vcc Power Supply Voltage 


Vpp Power Supply Voltage 


D. C. and OPERATING CHARACTERISTICS ' (Ta = 25±5-C. Vcc=5V±5%, Vpp=21V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN = 0~Vcc 

- 

- 

±10 


VoH 

Output High Voltage 

loH= — 400/<A 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2. 1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

100 

mA 

IPP2 

Vpp Supply Current 

Vpp=21 .5V 

- 

- 

30 
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A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5°c, Vcc=5V±5%, Vpp=21 v±o.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

fiS 

tAH 

Address Hold Time 

- 

2 

- 

- 

MS 

tCES 

CE Setup Time 

- 

2 

- 

- 

MS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

MS 

tos 

Data Setup Time 

- 

2 

- 

- 

MS 

tOH 

Data Hold Time 

- 

2 

- 

- 

MS 

tps 

PGM Setup Time 

- 

2 

- 

- 

MS 

tPH 

PGM Hold time 


2 

- 

- 

MS 

tOES 

OE Setup Time 

- 

2 

- 

- 

MS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

MS 

tpw 

Program Pulse Width 

PG1M = CE=Vil 

45 

50 

55 

ms 

tcp 

Program Recovery Time 

- 

0 

- 

- 

MS 

tPRT 



5 

- 

- 

ns 

tPFT 

Program Pulse Fall Tim 


5 

- 

- 

ns 

tCE 

CE to Output Valid 

- 

- 

- 

250 

ns 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tOFl 

CE to Output in High Z 

^=VlL 

- 

- 

90 

ns 

tOF2 

OE to Output in High Z 

CE = Vil 

- 

- 

90 

ns 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CidOOpF) 

10ns Max. 

0.6V and 2.4V 

Input IV and 2V ; Output 0.8V and 2.0V 
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TMM27128DM 5, TMM27128DI-20 
TMM27128DI-25 

TIMilSTG WAVEFORMS (PROGRAMI 

• PROGRAM OPERATION 1. (Vpp=21 V+0.5V) 



• PROGRAM OPERATION 2. (Vpp=21 V + 0.5V) 



Note : 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp=21V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 22V. 
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TMM27128DI-15, TMM27128DI-20 
TMM27128DI-25 


ERASURE CHARACTERISTICS 

The TMM27128Drs erasure is achieved by ap¬ 
plying shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated does (Ultraviolet light intensity 
[w/cm^] Xexposure time [sec.] ) for erasure should 
be a minimum of 1 5 [W • sec/cm^] . 

When the Toshiba sterilizing lamp GL-1 5 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

And using commercial lamps whose ultraviolet 


light intensity is a 12000 [yuw/cm^] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated dose is 12000 [;/W/cm^] x (20x60) 
[sec] =15 [w'sec/cm^] .) 

The TMM27128Drs erasure begins to occur 
when exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000~4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901 are available. 


OPERATION INFORMATION 

The TMM27128Drs six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


—-- NAMES (NUMBER) 

MODE ~ ^ _ 

PGM 

(27) 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11 -13, 15-19) 


READ 

OPERATION 

(Ta = -40~ 

85°C) 

Read 


L 

L 

5 V 

5V 

Data Out 

Active 

Output Deselect 

♦ 

♦ 

H 

High Impedance 


Stanidby 

B 


* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5”C) 

Program 

L 

L 

♦ 


5V 

Data In 

Active 

Program Inhibit 

♦ 


♦ 

High Impedance 

Active 


L 


Program Verify 


L 

L 

Data Out 

Active 


Note H : Vih, L ; Vil, * : Vih or Vil 


READ MODE 

The TMM27128DI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. _ _ _ 

Assuming that CE = OE=Vil and PGM=Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE==Vih, the outputs 
will be in a high impedance state. 

So two or more TMM27128DI can be connected 


The CE to output valid (tcE) is equal to the address 

access time (tAcc). _ _ 

Assuming that CE=Vil,PGM=Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addres¬ 
ses are valid, the output data is v alid a t the outputs 
after tPGM from the rising edge of PGM. 


together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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TMWI27128DI-15, TMM27128DI-20 
TMM27128DI-25 


STANDBY MODE 

The T(\/1M27128DI has a low power standby 

mode controlled by the CE signal. __ 

By applying a TTL high level to the CE input, the 
TMM271 28DI is placed in the standby mode which 


PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27128DI are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 

The TMM27128DI is set up in the program 
operation mode when applied the program voltage (+ 
21V) to the Vpp terminal under CE = PGM = OE=Vih. 

The program opera tion oc curs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 


PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128DI from being 
programmed. 

Programming of two or more TMM27128Dls in 
parallel with different data is easily accomplished. 


reduce the operating current from 100mA to 25mA, 
and then the outputs are in a hi gh im pedance state, 
independent of the OE and the PGM inputs. 


50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi¬ 
mum value is 55ms. 

The levels required for ail inputs are TTL. 

The TMM27128DI can be programmed any 
location at anytime-either individually, se¬ 

quentially, or at random. 

The TMM27128DI should not be progra mmed 
with D.C. signal applied to both CE and PGM 
inputs. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That is , all inputs except for CE or PGM may be 
commonly connected, and a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


HIGH SPEED PROGRAMMING MODE (2 TYPES) 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (-L 21V) 
is applied to the Vpp terminal with VCC = 6V and PGM 
= VlH. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then pro¬ 


grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 
After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
= 5V. 

TYPE 1 : A=15, B = 4 
TYPE 2 : A=20, B = 1 
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Input High Voltage 


Input Low Voltage 


Vcc Power Supply Voltage 


Vpp Power Supply Voltage 


MAX. 

UNIT 

Vcc+1 .0 

V 

0.8 

V 


O. C. and OPERATiNQ CHARACTERISTICS (Ta=25±5“C, Vcc=6V±o.25V, Vpp=21V±o.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN = 0~Vcc 

- 

- 

±10 

aA 

VoH 

Output High Voltage 

loH= —400//A 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

100 


IPP2 

Vpp Supply Current 

Vpp=21 .5V 

- 

- 

30 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5”C, Vcc=6V±0.25V, Vpp=21 V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

■BM 

tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tCES 

CE Setup Time 

- 

2 

- 

- 

AS 

tCEH 

^Hold Time 

- 

2 

- 

- 

AS 

tos 

Data Setup Time 

- 

2 

- 

- 

AS 

tOH 

Data Hold Time 

- 

2 

- 

- 

AS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

AS 

tPW 

Program Pulse Width 

- 

0.95 

1 .0 

1 .05 

ms 


Additional Program Pulse Width 

Note 1 

A 

- 

B 

ms 

tpRT 

Program Pulse Rise Time 

- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output in High Z 

^=VlL 

- 

- 

90 

ns 


A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timihg Measurement Reference Level 

Note : 

1 . topw depends on the program pulse width which is required in the initial Program. 
(TYPE 1 : A=3.8, B = 63, TYPE 2 : A=0.95, B = 21) 


I ML Dare ana uu i wwpr; 

10ns Max. 

0.6V and 2.4V 

Inout IV and 2V : Outout 0.8V and 2.0V 
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TMM27128DI'15 

TMM27128DI-25 




Kii¥»l ml 


HIGH SPEED PROGRAM MODE FLOW CHART 



TYPE 1 : A=15, B=4X 
TYPE 2 : A=20, B=X 
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TMM27128DI-15, TMM27128DI-20 
TMM27128DI-25 


TIMING WAVEFORM (HIGH SPEED PROGRAM) 
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TMIVI2712dDI-15 

TMM27i28DI-25 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


16,384 WORD X 8 BIT UV ERASABLE 
AND ELECTRICALLY PROGRAMMABLE 
READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE 
MOS PRELIMINARY 


TMM27128AD-15, 

TMM27128AD-20, 


TMM27128AD-150 

TMM27128AD-200 


DESCRIPTION 

The TMM27128AD is a 16,384 word X 8 bit ultraviolet light erasable and electrically programmable read only memory. 
For read operation, the TMM27128AD’s access time is 150ns/200ns, and the TMM27128AD operates from a single 5-volt 
power supply and has a low power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. The maximum active current is 100mA 
and the maximum standby current is 30mA. For program operation, the program is achieved by using the high speed 
programming mode. The TMM27128AD is fabricated with the N-channel silicon double layer gate MOS technology. 


FEATURES 



-15 I -20 

-150 I -200 

Vcc 

5V±5% 

5V±10% 

TaCC 

150ns 1 200ns 

150ns 1 200ns 

ICC2 

100mA 

'CCI 

30mA 


• Fully static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i27128A 


PIN CONNECTION 


BLOCK DIAGRAM 


vppH 

1 ^ 


□ Vcc 

A12 

c 

2 

27 

□ PGM 

A7 

c 

3 

26 

pA13 

A6 

c 

4 

25 ' 

bA8 

A5 

c 

5 

24 

Da9 

A4 

c 

6 

23 

□ All 

A3 

c 

7 

22 

□ OE 

A2 

c 

8 

21 

□ A10 

A1 

□ 

9 

20 

□ CE 

AO 

c 

10 

19 

□ 07 

00 

c 

11 

18 

□ O 6 

01 

c 

12 

17 

□ 05 

02 

c 

13 

16 

□ 04 

GND 

c 

14 

15 

□ 03 


Vpp GND Vqc O2 O3 O4 O5 06 O7 



PIN NAMES MODE SELECTION 


PIN 

MODE 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo-Oy 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


* Don’t Care 


AO - A13 

Address Inputs 

Oq-Oj 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

P^ 

Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-P5V) 

GND 

Ground 
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TMM27128AD-15, TM|Wia7128AD-150 
TMM27128AD-20, 28AD-200 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6~7.0 

V 

Vpp 


-0.6~14.0 

V 

V|N 


-0.6~7.0 

V 

V|/0 

Input/Output Voltage 

-0.6~7.0 

V 

Pd 

Power Dissipation 

1.5 

w 

TSOLDER 

Soldering Temperature Time 

260 • 10 

°C ■ sec 

TSTG 

Storage Temperature 

-65-125 

°C 

TqPR 

Operating Temperature 

o 

o 

“C 


READ OPERATION 


D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27128AD-15/20 

TMM27128AD-150/200 

Ta 

Operating Temperature 

0~70°C 

O-TO'C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

. 5V+10% 

Vpp 

Vpp Power Supply Voltage 

2.0~Vcc+0.6V 

2.0~VcC+0-6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V|N=0~Vcc 


- 

±10 

pA 

•lo 

Output Leakage Current 

V0UT=0'^~Vcc 


- 

±10 

fxA 

'cci 

Supply Current (Standby) 

CE=V|h 



30 

mA 

IcC2 

Supply Current (Active) 

CE=V,l 



100 

mA 

V|H 

Input High Voltage 

- 

2.0 

- 

Vcc+10 

V 

V|L 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VOH 

Output High Voltage 

Iqh— — 

2.4 

- 


V 

VOL 

Output Low Voltage 

IOl= 2.1 mA 

- 


0.4 

V 

'PPI 

Vpp Current 

Vpp=0~Vq(;;;+0.6 


- 

±10 

pA 
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TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 


A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27128AD-15/150 

TMM27128AD-20/200 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tACC 

Address Access Time 

- 

150 


200 


*CE 

CE to Output Valid 

- 

150 


200 


tOE 

OE to Output Valid 

- 

70 


70 


IPGM 

PGM to Output Valid 

- 

70 


70 


‘DPI 

CE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

0 

60 


tDF3 

PGM to Output in High-Z 

0 

60 

0 

60 


iQH 

Output Data Hold Time 

0 

_^_ 

0 




A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl=100pF 

• Input Pulse Rise and Fall Times ; 10ns Max. 

• Input Pulse Levels : 0.45V to 2.4V 

• Timing Measurement Reference Level ; Inputs, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta=25°C, f=1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N=OV 


4 

6 

PF 

COUT 

Output Capcitance 

VoUT=OV 


8 

12 

PF 


* This parameter is periodically sampled and is not 100% tested. 
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TMM27128AD-15,: TMJM27128AD-150 
TMM27128AD-20,‘TMM27128AD-200 


TIMING WAVEFORMS (READ) 



DATA OUTPUTS 





TMM27128AD-15, TMM27128AD-150 
TMM27128AD<20, TMM27128AD-200 


HIGH SPEED PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 


Vcc+''0 

V 

V|L 

Input Low Voltage 

-0.3 


0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5X, VCC=6V±0 25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

'Ll 

Input Current 

V|N=0~Vcc 

- 


±10 

IxA 

Vqh 

Output High Voltage 

IOH~~'^dOMA 

2.4 



V 

Vql 

Output Low Voltage 

Iol= 2.1 mA 

- 


0.4 

V 

•cc 

Vcc Si-iPPly Current 

- 

- 


100 

mA 

Ipp2 

Vpp Supply Current 

Vpp=13.0V 



50 

mA 

'^ID 

A9 Auto Select Voltage 

_I_ 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6y±a25y,Vpp=12.5V+0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Us 

Address Setup Time 

- 

2 

- 


MS 

Uh 

Address Hold Time 

- 

2 



MS 

tCES 

CE Setup Time 

- 

2 



MS 

tCEH 

CE Hold Time 


2 



MS 

tDS 

Data Setup Time 

- 

2 



MS 

tQH 

Data Hold Time 


2 

- 


MS 

tvs 

Vpp Setup Time 

- 

2 



MS 

tpw 

Program Pulse Width 


0.95 

1.0 

1.05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 

2.85 

- 

78.75 

ms 

tpRT 

Program Pulse Rise Time 

- 

5 



ns 

tPFT 

Program Pulse Fall Time 

- 

5 


- 

ns 

tOE 

OE to Output Valid 


- 


100 

ns 

tDF2 

OE to Output in High-Z 

^=V,L 

- 


90 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (100pF) 
10ns Max. 

0.45V and 2.4V 

Input; Output 0.8V and 2.0V 


Note 1: topw depends on the program pulse width which is required in the initial program. 
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TIMING WAVEFORMS (HIGH SPEED PROGRAM) 



Note: 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously 

or after Vpp. 

2. Removing the device from or setting the device into a socket with Vpp=12.5V 
may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so a 
voltage over 14V should not be applied to the Vpp terminal. When the switching 
pulse voltage is applied to the Vpp terminal, the overshoot voltage pulse should 
not exceed 14V. 










TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 


ERASURE CHARACTERISTICS 

The TMM27128AD’s erasure is achieved by applying short\A/ave ultraviolet light which has a 
wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated dose 
(Ultraviolet light intensity [w/cm^] x exposure time [sec.]) for erasure should be a minimum of 15 [w- 
sec/cm^j. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1cm 
from the lamp surface, the erasure will be achieved within 60 minutes. Using commercial lamps whose 
ultraviolet light intensity is a 12000 [jLiw/cm^j will reduce the exposure time to about 20 minutes. (In this 
case, the integrated dose is 12000 [jaw/cm^j X (20 X 60) [sec] = 15 [W • sec/cm^].) 

The TMM27128AD’s erasure begins to occur when exposed to light with wavelength shorter than 
4000A. The sunlight and the fluorescent lamps will include 3000~4000A wavelength components. 
Therefore when used under such lighting for extended periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 

OPERATION INFORMATION 

The TMM27128AD’s six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. In the read operation mode, a single 5V power 
supply is required and the levels required for all inputs are TTL. 


MO^E ~~ 

PIN NAMES (NUMBER) 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo-Oy 

(11-13, 15-19) 

POWER 

READ 

Read 

H 

L 

L 



Data Out 

Active 

OPERATION 

Output Deselect 

* 

* 

H 

5V 

5V 

High Impedance 


(Ta=0~70X) 

Standby 

* 

H 

* 



High Impedance 

Standby 

PROGRAM 

Program 

L 

L 

* 



Data In 


OPERATION 

Program Inhibit 

* 

H 

* 

12.5V 

6V 

High Impedance 

Active 

(Ta=25+5°C) 

H 

L 

H 



High Impedance 



Program Verify 

H 

L 

L 



Data Out 



Note: H; V|(-i, L; V|i_, * : Don’t Care 








TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20; TMM27128AD^200 


READ MODE 

The TMM27128AD has three control functions. The chip enable (CE) controls the operational power 
and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE=V|l and PGM=V|h, the output data is valid at the output after address 
access time from the stabilizing of all addresses. 

The CE to output valid (tcE) is equal to the address access time (tACC)- 

Assuming that CE=V|l, PGM=\/|h and all addresses are valid, the output data is valid at the outputs 
after tOE from the falling edge of OE. 

And assuming the CE=^=V|l and a ll addresses are valid, the output data is valid at the outputs 
after tpQM from the rising edge of PGM. 

OUTPUT DESELECT MODE 

When CE=V|h or OE=V|h, the outputs will be in a high impedance state. So two or more 
TMM27128ADS can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TMM27128AD has a low power standby mode controlled by the CE signal. 

By applying a TTL high level to the CE input, the TMM27128AD is placed in the standby mode which 
reduces the supply current from 100mA to 30mA, and the outputs are in a high impedance state, 
independent of the OE and the PGM inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27128AD are in the “1” state which is 
erased state. 

Therefore the program operation is to introduce “O’s” data into the desired bit locations by 
electrically programming. 

The levels required for all inputs are TTL. The TMM27128AD locations can be programmed either 
individually, sequentially, or at random 
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TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed into the device. 

The verify is accomplished with OE and CE at V|l and PGM at V|h. 


PROGRAM INHIBIT MODE 

Un der the condition that the program voltage (+12.5\/) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128AD from being programmed. 

Programming of two or more TM M271 28ADs in parallel with different data is easily accomplished. 
That is, all inputs exce^for C E or PGM may be commonly connected, and a TTL low level program 
pulse is applied to the CE and PGM of the desired device only and TTL high level signal is applied to 
the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decrease by using this high speed programming mode. The device 
is set up in the high speed program ming mode when the programming voltage (+12.5V) is applied to 
the Vpp terminal with Vcc+6V and PGM=V|H. 

The programming is achieved by applying a single TTL low level 1ms pulse to the PGM input after 
addresses and data are stable. Then the programmed data is verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1 ms is applied and then 
programmed data is verified. This should be repeated until the program verifies (max. 25 times). 

After correctly programming the selected address, one additional program pulse with pulse width 3 
times that needed for programming is applied. 

When programming has been completed, the data in all addresses should be verified with 
VCC=VPP=5V. 
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ADDRESS^ 

START ADDRESS 


DATA=PP? 


PROGRAM Ime PULSE 


VERIFY 


OVERPROORAM X PULSES OF Imeec 
OR ONE PULSE OF Xmsec DURATION 


ADDRESS^ 

NEXT ADDRESS 


VERIFY 


ALL BYTE 























TMM27256DM5 

TMM27256DI-20 


PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27256DI are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 


The TMM 27256DI is in the programming m 
when tjT^Vpp input is at 21V and CE is at TTL- 
under OE = Vih. 

The TMM27256DI can be programmed 
location at anytime either individually, sequenti; 
or at random. 


The verify is accomplished with OE and CE at 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
21V) is applied to Vpp terminal, a high level CE input 
inhibits the TMM 27256DI from being programmed. 

Programming of two or more TMM27256Dls in 
parallel with different data is easily accomplished. 


That is, all inputs except for CE may be commt 
connected, and a TTL low level program puls 
applied to the CE of the desired device only and 
high level signal is applied to the other devices. 


HIGH SPEED PROGRAMMING t^DE 

The Program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (-1-21V) 
is applied to the Vpp terminal with Vcc=6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then the pro¬ 
grammed data is verified. This should be repeated 


until the program operates correctly (max. 20 tin 

After correctly programming the selec 
address, the additional program pulse with w 
equal to that needed for initial programminc 
applied. 

When programming has been completed, 
data in all addresses should be verified with Vcc = 
= 5V. 

This high speed program algorithm allows 
programming of the TMM27256DI to be acc( 
plished within one and a half minutes (typ.). 
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TMM27128AD-15^ TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 


OUTLINE DRAWINGS 


Unit in mm (inches) 



Note: 


1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 
longitudinal position with respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 








TOSHIBA MOS MEMORY PROOUCTS 


32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TMM27256D-15 

TMM27256D-20 


DESCRIPTION 

The TMM27256D is a 32,768 wordxS bit 
ultraviolet light erasable and electrically program¬ 
mable read only memory. 

For read operation, the TMM27256D's access 
time is 150ns/200ns, and the TMI\/I27256D oper¬ 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis¬ 
sipation without increasing access time. The standby 
mode is achieved by applying a TTL-high level signal 
to the CE input. 


For program operation, the programming is 
achieved by using the high speed programming 
mode. Program supply voltage is 21V which is the 
same voltage as TMM2764D, TMM271 28D and 
TC57256D. 

The programming of TMM27256D is accom¬ 
plished within about one and a half minutes (typ.). 

The TMM27256D is fabricated with the N-chan- 
nel silicon double layer gate MOS technology. 


FEATURES 

• Fast access time TMM27256D-1 5 1 50ns 

TMM27256D-20 200ns 

• Low power dissipation 

Active ; 100mA 

Standby : 25mA 

• Single 5V power supply 

PIN CONNECTION ' (TOP VIEW) 

vppc 

A12 C 
A7 C 
A6 C 
A5 C 
A4 C 
A3 [ 

AZ C 
Al t 
AO [ 

00 [ 

01 t 
oz t 

0KD[ 


13 

14 


Z8 J VCC 
Z7 I A14 
26 J A13 
25 1 A8 
24 1 A9 
23 1 All 
22 J OE 
21 ] AlO 

20 ] c¥ 

19 1 07 
18 I 06 
17 I 05 
16 ] 04 
15 I 03 


• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P and 
TMM23256P and CMOS EPROM TC57256D. 

• Standard 28 pin DIP cerdip package 



PIN NAMES 


Ao~Ai4 

Address inputs 

Oo—O? 

Outputs (Inputs) 


Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-I-5V) 

GND 

Ground 


MODE SELECTION 


11 

n 

M 

M 

BSl 



Read 

D 

■■ 



Data Out 



B 

H 

High Impedance 




High Impedance 

Standby 


L 




Data In 

Active 

Program 

Inhibit 

H 

* 

__. 







Note * ; H or L 
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PARAMETER 


Input Capacitance 


. TEST CONDITIONS 


Output Load 

Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V ~ 2.4V 

Inputs 0.8V and 2V, Outputs 0.8V and 2.0V 


ACITANCE * (Ta=25°C, f=1MHz) 


ING WAVEFORMS (READ) 


CHARACTERISTICS 


PARAMETER 

TMM27256AD-15/150 

TMM27256AD-20/200 


MIN. 

MAX. 

MIN. 

MAX. 

Address Access Time 

- 

150 

- 

200 

CE to Output Valid 

- 

150 

- 

200 

OE to Output Valid 

- 

70 


70 

CE to Output in High-Z 

0 

60 

0 

60 

OE to Output in High-Z 

0 

60 

0 

60 

Output Data Hold Time 

0 

- 

0 

- 


I Output Capcitance 


voUT=OV 


s parameter is periodically sampled and is not 100% tested. 


00-07 


HIGH z 


DATA OUTPUTS 












TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6~7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

V|N 

Input Voltage 

-0.6~7.0 

V 

'/l/O 

Input/Output Voltage 

-0.6~7.0 

V 

Pd 

Power Dissipation 

1.5 

w 

TsOLDER 

Soldering Temperature • Time 

260 ■ 10 

°C • sec 

Tstg 

Storage Temperature 

-65-125 

°C 

Tqpr 

Operating Temperature 

0-75 

“C 


READ OPERATION 


D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27256AD-1 5/20 

TMM27256AD-150/20 

Ta 

Operating Temperature 

0-70'C 

0-70°C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

5V±10% 

Vpp 

Vpp Power Supply Voltage 

2.0~VcC+0-6V 

2,0~Vcc+0-6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

ur 

ILI 

Input Current 

V|N=0-Vcc 


- 

+ 10 

p 

'lo 

Output Leakage Current 

VoUT=0.4~Vcc 

- 


±10 


icci 

Supply Current (Standby) 

^=V|H 



30 

rr 

ICC2 

Supply Current (Active) 

^=V|L 



100 

rr 

V|H 

Input High Voltage 


2.0 


VcC+1-0 


V|L 

Input Low Voltage 


-0.3 


0.8 


VOH 

Output High Voltage 

IOH““400|u.A 

2.4 




VOL 

Output Low Voltage 

I0L=2.1 mA 



0.4 


IPPI 

Vpp Current 

Vpp=0 —Vqq+0.6 



±10 
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A. C. PROGRAMMING CHARACTERiSTiCS; (Ta = 25±5“C, Vcc = 6V±0.25V, Vpp = 21 V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

MS 

tAH 

Address Flold Time 

- 

2 

- 

- 

MS 

tCES 

CE Setup Time 

- 

2 

- 

- 

MS 

tCEH 

^ Hold Time 

- 

2 

- 

- 

MS 

tOES 

OE Setup Time 

- 

2 

- 

- 

MS 

tOEH 

OE Hold Time 

- 

2 

- 

- 

MS 

tDS 

Data Setup Time 


2 

- 

- 

MS 

tDH 

Data Hold Time 


2 

- 

- 

MS 

tvs 

Vpp Setup Time 

- 

2 


- 

MS 

tpw 

Intial Program Pulse Width 

CE=Vil, OE = Vih 

0.95 

1 

1 .05 

ns 

tOPW 

Overprogram Pulse Width 

Note 1 

0.95 

1 

21 

ms 

tov 

CE to Output Valid 

> 

II 

|UJ 

lo 

1 

- 


1 

MS 

tOFl 

CE to Output in High-Z 

> 

II 

|UJ 

lo 

- 


150 

ns 


A. C. Test Conditions 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45-2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note : 1 . The length of the overprogram pulse may vary as a function of the counter value X. 


TIMING WAVEFORMS (PROGRAM) 


• (Vcc=6V±0.25V, Vpp=21V±0.5V) 



Note : 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp=21V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot — 
voltage of its pulse shnnid not be exceeded 22V 
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TMM27256D-15 

TMM27256D-20 


ERASURE CHARACTERISTICS 

The TMM27256D's erasure is achieved by apply¬ 
ing shortwave ^ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (ultraviolet light intensity [w/ 
cm^] Xexposure time [sec.] ) for erasure should 
be a minimum of 1 5 [wsec/cm^] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 

OPERATION INFORMATION 

The TMI\/l27256D's six operation modes are list¬ 
ed in the following table. Mode selection can be 


ultraviolet light intensity is a 1 2000 [//w/cm^] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 1 2000 [/^w/cm^] 
x(20x60) [sec] =15 [w-sec/cm^] .) 

The TMM27256D's erasure begins to occur 
when exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000~4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opaque seals-Toshiba 
EPROM Protect Seal AC901-are available. 


achieved by applying TTL level signal to all inputs. 


' —-____RN NAMES(NUMBER) 

MODE - 

CT 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

Read Operation 
(Ta = 0~70”C) 

Read 

L 

L 

5 V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta = 25±5°C) 

Program 

L 

H 

21V 

6V 

Data In 

Active 

Program Inhibit 

H 

♦ 

High Impedance 

Active 

Program Verify 

L 

L 

Data Out 

Active 


Note H : Vih, L ; Vil, * : Vih or Vil 


READ MODE 

The TMM27256D has two control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming that CE = OE = Vil, the output data is 
valid at the outputs after address access time from 


OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE=ViH.the outputs 
will be in a high impedance state. 

So two or more TMM27256Ds can be con¬ 


stabilizing of all addresses. 

The CE to output valid (tcE) is equal to the address 
access time (tAcc). _ 

Assuming that CE —Vil and all addresses are 
valid, the output data is v^d at the outputs after toE 
from the falling edge of OE. 


nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
























TMM27256D-15 

TMM27256D-20 


STANDBY MODE 

The TMM27256D has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the ^ input, the 
TMM27256D in placed in the standby mode which 


PROGRAM MODE 

Initially, when received by customers, all bits of 
the TI\/IIVI27256D are in the " 1" state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 


PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
21V) is applied to Vpp terminal, a high level CE input 
inhibits the TMM27256D from being programmed. 

Programming of two or more TMM27256Ds in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage ( + 21V) is 
applied to the Vpp terminal with Vcc = 6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then the pro¬ 
grammed data is verified. This should be repeated 


reduce the operatinr current to 25mA from 100mA 
(about 75% reduction) by applying MOS-high level 
(Vcc) and then the outputs are in a high impedance 
state, independent of the OE inputs. 


The TMM27256D is in the programming mode 
when the Vpp input is at 21V and CE is at TTL-Low 
under OE = Vih. 

The TMM27266D can be programmed any loca¬ 
tion at anytime either individually, sequentially, or at 
random. 


The verify is accomplished with OE and CE at Vil. 


That is, all inputs except for CE may be commonly 
connected, and a TTL low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 


until the program operates correctly (max. 20 times). 

After correctly programming the selected 
address, the additional program pulse with width 
equal to that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 

This high speed program algorithm allows the 
programming of the TMM27256D to be accom¬ 
plished within one and a half minutes (typ.). 









ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM27256D which identifies its manufacturer 
and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from TMI\/I27256D 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor¬ 
ithm. 

Electric Signature mode is set up when 1 2V is 


PINS 

Ao 

O7 

Oe 

O 5 

04 

O 3 

O2 

Oi 

Oo 

HEX. 

SIG N ATU 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

1 

0 

Q 

1 

0 

1 

0 

0 

94 


Notes: A9 = 12V±0.5V_ 

Ai-Aa, A10-A14, CE, OE=Vil 


applined to address line As and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address Ao is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (O 7 ). 

The following table shows electric signature of 
TMM27256D. 


CHJTLINE DRAWINGS 

Unit in mm 


3 7.7MAX. 



Note 2 

Note : 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 


32,768 WORD X 8 BIT NMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TMM27256DI-15 

TMM27256DI-20 


DESCRIPTION 

The TMM27256DI is a 32,768 wordxS bit 
ultraviolet light erasable and electrically program¬ 
mable read only memory. 

For read operation, the TMM27256DI's access 
time is 150ns/200ns, and the TMM27256DI oper¬ 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis¬ 
sipation without increasing access time. The standby 
mode i^chieved by applying a TTL-high level signal 
to the CE input. 


For program operation, the programming is 
achieved by using the high speed programming 
mode. Program supply voltage is 21V which is the 
same voltage as TMM2764D, TMM27128D and 
TC57256D. 

The programming of TMM27256DI is accompli¬ 
shed within about one and a half minutes (typ.). 

The TMM27256DI is fabricated with the N- 
channel silicon double layer gate MOS technology. 


FEATURES 

• Wide operating temperature range ; —40~85°C 

• Fast access time : TMM27256DI-1 5 150ns 

TMM27256DI-20 200ns 

• Low power dissipation 
Active : 120mA 
Standby : 25mA 

• Single 5V power supply 


• Full static operation 

• Fligh speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P 
and TMM23256P and CMOS EPROM 
TC57256D. 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION (TOP VIEW) 


VPP[ 

1 

28 ] 

''■‘12 [ 

2 

27 ] 

A7C 

3 

26 ] 

Ae [ 

4 

25 ] 

A5 c 

5 

24 ] 

A 4 [ 

6 

23 ] 

A3 [ 

7 

22 ] 

Agt 

8 

21 ] 

Alt 

9 

20 ] 

Aq t 

10 

19 ] 

Oq C 

11 

18 ] 

oil 

12 

17 t 

O2 C 

13 

16 ] 

ONDt 

14 

15 ] 


Vcc 

Ai4 

Ai3 

As 

Ag 

OE 

AlO 

CE 

O 7 

06 

O 5 

O4 

O 3 


PIN NAMES 


Ao~Ai4 

Address Inputs 

O 0 — O 7 

Outputs (Inputs) 

w: 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-I-5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpp QND Vqc Oq Oi O 2 O 3 O 4 Og Og O 7 


All ' 
AlZ = 
*13 ‘ 
*14 ' 


OE CE 

CIRCUIT 

- 

OUTPUT BUFFERS 



1 





6 

COLUMN 



COLUMN I/t) 

CO 


DECODER 


CIRCUIT 

ci 


1 










CO 

9 

ROW 


512 

MEMORY CELL 

u 










32.768 X 8 bite 

Q 













MODE SELECTION 


PIN 

MODE^^ 

CT 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

♦ 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 


L 


21V 

6V 

Data In 

Active 

Program 

Inhibit 

H 

* 

High Impedance 

Program 

Verify 

L 

L 

Data Out 


Note * ; H or L 














TMM27256DI-15 

TMM27256DI-20 


CAPACITANCE * (Ta = 25°C, f= 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

< 

2 

II 

o 

< 

- 

4 

6 

PF 

COUT 

Output Capacitance 

VouT=OV 

- 

8 

12 

_1 

PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 



PROGRAM OPERATION 

0. C. aiKl recommended OPERATMG CONDITfOI^S 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21 .0 

21.5 

V 


D. C. and OPERATING CHARACTERISTICS (Ta=25±5"C, Vcc=6V±0.25, Vpp=21 v±o.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN=0~Vcc 

- 

- 

±10 

aA 

VoH 

Output High Voltage 

loH = —400^A 

Bl 

- 

- 

V 

VoL 

Output Low Voltage 

Iol= 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

120 

mA 

IPP2 

Vpp Supply Current 

Vpp=21 .5V 

- 

- 

30 

mA 
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TMM27256DI-15 

TMM27256DI-20 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-22.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

Vi/o 

Input/Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1 .5 

W 

Tsolder 

Soldering Temperature • Time 

260-10 

°C-sec 

Tstg 

Storage Temperature 

-65-125 

”C 

Topr 

Operating Temperature 

-40-85 

°C 


READ OPERATION 


D. c, mcowmmnm operMi^ ^ivfiiW 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.2 

Vcc 

Vcc+0.6 

V 


D. C. and OPERATING CHARACTERISTICS ..(Ta=-40~85-c, Vcc=5V±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 



UNIT 

Ili 

Input Current 

ViN=0—Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

^=VlH 

- , 

- 

ma 

mA 

ICC2 

Supply Current (Active) 

<^l 

m 

II 

< 

- 

- 



VOH 

Output High Voltage 

loH= —4-00/tA 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 


V 

IPPI 

Vpp Current 

Vpp= 0—Vcc+0.6 

- 

- 


aA 

Ilo 

Output Leakage Current 

Vout= 0.4—Vcc 

— 

- 


aA 


A. C. CHARACTERISTICS 


(Ta = -40~85"C, Vcc=5V±5%, Vpp=2.2V~Vcc+0.6V) 



PARAMETER 






MAX. 

MIN. 


tACC 

Address Access Time 

CE =OE=Vil 


150 


200 

ns 

tCE 

CE to Output Valid 

> 

II 

Ilu 

lo 

- 

150 

- 

200 


tOE 

OE to Output Valid 

<~>l 

m 

II 

< 

- 

70 

- 

70 

ns 

tDFl 

CE to Output in High-Z 

> 

II 

LU 

O 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

m 

II 

< 

0 

60 

0 

60 


tOH 

Output Data Hold Time 

> 

II 

|UJ 

lo 

1 " 

UJ 

lu 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= 10OpF 
10ns Max. 

0.45V ~ 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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TMM27256DI-15 

TMM27256DI-20 



SYMBOL 

PARAMETER 

TEST CONDITION 



MAX. 

UNIT 

Us 

Address Setup Time 

- 

2 

- 

- 

MS 

Uh 

Address Hold Time 

- 

2 

- 

- 

MS 

tCES 

CE Setup Time 

- 

2 

- 

- 

MS 

tCEH 

^ Hold Time 

- 

2 

- 

- 

MS 

tOES 

OE Setup Time 

- 

2 

- 

- 

MS 

tOEH 

OE Hold Time 

- 

2 

- 


MS 

tos 

Data Setup Time 

— 

2 

- 


MS 

tOH 

Data Hold Time 

- 

2 

- 

- 

MS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

MS 

tPW 

Initial Program Pulse Width 

^=VlL, ^=VlH 

0.95 

1 


ms 

tOPW 

Overprogram Pulse Width 

Note 1 

0.95 

1 

21 

ms 

tDV 

CE to Output Valid 

> 

II 

|UJ 

lo 

- 

- 


MS 

tOFI 

CE to Output in High-Z 

> 

II 

lUJ 

lo 

- 

- 


ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CtflOOpF) 

10ns Max. 

0.45-2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note : The length of the overprogram pulse may vary as a function of the counter value X. 



• (Vcc=6V±0.25V, Vpp=21V+0.5V) 


tAH 



E 


- ' 

xz 

jjjH 


■ 



. ‘OPW . 



1 



■ 


H 


^ _ 



HS 


■ 

■ji 

1 



a 






' z ;‘dout \ 

1 'j^VALID^ 

<- • / DIN STABLE \ 


■ 

■ 





1 



PROGRAM 



i 




Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 21V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltaae of its pulse should not — 
be exceeded 22V. 
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TMM27256DI-15 

TMM27256DI-20 


ERASURE CHARACTERISTICS 

The TMM27256Drs erasure is achieved by ap¬ 
plying shortwavje ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (ultraviolet light intensity [w/ 
cm^] Xexposure time [sec.] ) for erasure should 
be a minimum of 15 [wsec/cm*] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 

OPERATION INFORMATION 

The TMM27256Drs six operation modes are 
listed in the following table. 


ultraviolet light intensity is a 1 2000 [/^w/cm^J will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 1 2000 [;uw/cm^] 

X (20x60) [sec] =15 [wsec/cm^] .) 

The TMM27256Drs erasure begins to occur 
when exposed to light with wavelength shorter than 
4000A. The sunlight pnd the flourescent lamps will 
include 3000~4000A (wavelength components.) 

Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 


Mode selection can be achieved by applying TTL 
level signal to all inputs. 


' -—_NAMES(NUMBER) 

MODE ~ 

CT 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

Read operation 
(Ta = 40^~85”C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

♦ 

High Impedance 

Standby 

Program 

Operation 
(Ta = 25±5;C) 

Program 

L 


21V 

6 V 

Data In 

Active 

Program Inhibit 

H 


High Impedance 

Active 

Program Verify 

L 


Data Out 

Active 


Note H ; Vih, L : Vil, * : Vih or Vil 


RiAO MODI 

The TMM27256DI has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. Assuming that CE = 
OE = Vil, the output data is valid at the outputs after 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = ViH,the outputs 
will be in a high impedance state. So two or more 
rMM27256Dls can be connected together on a 


address_access time from statiilizing of all addresses. 

The CE to output valid (tee) is equal to the address 
access time (tAcc). _ 

Assuming that CE = Vil and all addresses are 
valid, the output data is y^d at the outputs after toE 
from the falling edge of OE. 


common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


STANDBY MODE 

The TMM27256DI has a low power standby 

node controlled by the CE signal. _ 

By applying a high level to the CE input, the 
rMM27256DI is placed in the standby mode which 


reduce the operating current to 25mA from 120mA 
(about 80% reduction) by applying MOS-high level 
(Vcc) and then the outputs are in a high impedance 
state, indeoendent of the OE inputs. 
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TMM27iSi8AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27i ^8AD-200 


ECTRIC SIGNATURE MODE 

Electric signature mode allows reading out a code from the TIVIM27128AD which identifies its 
inufacturer and device type. 

"he programming equipment may read out a manufacturer and device code from the TMM27128AD 
using this mode before program operation to automatically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address 
3S are set to Vjl in read operation. Data output in this conditions is manufacturer code. Device code 
dentified when address AO is set to Vjh. These two codes possess an odd parity with the parity bit of 
)B (07). 

The following table shows electric signature of TMM27128AD. 


~~ --PINS 

IGNATURE ———_ 

anufacture Code 

AO 

(10) 

V|L 

0? 

(19) 

1 

Oe 

(18) 

0 

Os 

(17) 

0 

04 

(16) 

1 

03 

(15) 

1 

02 

(13) 

0 

Oi 

(12) 

0 

Oo 

(11) 

0 

HEX. 

DATA 

98 

evice Code 

V|H 

1 

1 

0 

1 

0 

0 

1 

1 

D3 


tes: A9=12V±0.5V_ 

A1~A8, A10~A13, CE, OE=V|l 
PGM=Vih 
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TMM27128AD-15, TMM27128AD'150 
TMM27128AD-20, TMM27128AD-200 


HIGH SPEED PROGRAM MODE FLOWCHART 
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TMM27256Df« 

TMM27256Dr^ 


ELECTRIC SIGNATURE MODE 


Electric signature nnode allows to read out a code 
from TMM27256DI which identifies its manufacturer 
and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from TMM27256DI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor¬ 
ithm. 

Electric Signature mode is set up then 1 2V is 


applied to address line Ag and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address Ao is set to Vih 

These two codes possess an odd parity with the 
parity bit of MSB (O7). 

The following table shows electric signature of 
TMM27256DI. 


PINS 

Ao 

O 7 

Oe 

O 5 

O 4 

O 3 

O 2 

-1 

Oi 

Oo 

HEX. 

s iG naturT^----.-^^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

1 

0 

0 

1 

0 

1 

0 

0 

94 


Notes; A9=12V±0.5V 


Ai-As, A10-A14, CE, OE —Vil 

OUTLINE DRAWINGS 

Unit in mm 


3 7.7 MAX. 




Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect N 0 .I and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 








TOSHIBA MOS MEMORY PRODUCTS 

32,768 WORD X 8 BIT N-MOS UV 

PROGRAMMABLE READ ONLY TMM27256AD-15, TMM27256AD-150 

TMM27256AD-20, TMM27256AD-200 

PRELIMINARY 


DESCRIPTION 

The TMM27256AD is a 32,768 word X 8 bit ultraviolet light erasable and electrically programmable read only memory. 
For read operation, the TMM27256AD’s access time is 150ns/200ns, and the TMM27256AD operates from a single 5-volt 
power supply and has low power standby mode which reduces the power dissipation without increasing access time. The 
standby mode is achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed programming mode. The TMM27256AD is 
fabricated with the N-channel silicon double layer gate MOS technology. 


FEATURES 



-15 1 -20 

-150 1 -200 

Vcc 

5V+5% 

5V±10% 

tACC 

150ns 1 200ns 

150ns 1 200ns 

ICC2 

100mA 

100mA 

'cci 

30mA 

30 mA 


• Fully static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i27256 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION 


BLOCK DIAGRAM 


VppC; 

A12 C 2 


A7q 

Asd 

A5 C 


A4d6 


A3C 
A2 C 


Ai da 


AO C 
00 C 


01 d 12 


28 □ Vcc 

27 □ A14 
26 p A13 
25 b A8 
24 D A9 
23 □ All 
22 □ OE 
21 □ A10 

□ 07 
18 □ 06 
17 □ 05 


02 C 13 
GNDi: 14 


16 □ 04 

15 □ 03 


Vpp GND VcQ 00 01 02 03 04 05 06 07 



PIN NAMES 


MODE SELECTION 


Ao~Ai4 

Address Inputs 

Oq ~ O 7 

Outputs (Inputs) 


Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

vcc 

Vcc Supply Voltage {+5V) 

GND 

Ground 


"■ PIN 

MODE 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

_1 

Data Out 


* H or L 
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PACITANCE * (Ta = 25“C, f=1MHz) 


MBOL 

PARAMETER 





UNIT 

N 

Input Capacitance 

ViN = OV 

- 

4 


PF 


Output Capacitance 

VouT = OV 

- 

8 

■a 

PF 


his paramater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 



OGRAM OPERATION 

C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21 .0 

21 .5 

V 


[>. C. and OPERATING CHARACTERISTICS ' :(Ta=25±5”C, Vcc=6V±o.25V. Vpp=21 V±0.5V) 


MBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN=0~Vcc 

- 

- 

±10 

aA 

VOH 

Output High Voltage 

loH = —400;/A 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 


mA 

1pP2 

Vpp Supply Current 

Vpp = 21.5V 

- 

- 

30 

mA 
























TMM27256D-15 

TMM27256D-20 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNlI 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-22.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

Vi/0 

Input/Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C'se 

Tstg. 

Storage Temperature 

-65-125 

”C 

Topr. 

Operating Temperature 

0-70 

"C 


READ OPERATION 

O. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- , 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

_1 

Vcc 

Vcc+0.6 

V 


D. C, and OPERATING CHARACTERISTICS (Ta = 0~70 C, Vcc=5V±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

IBJ 

III 

Input Current 

ViN=0—Vcc 

- 

- 


■ 

Icci 

Supply Current (Standby) 

<^l 

m 

II 

< 

X 

- 

- 

25 

m 

ICC2 

Supply Current (Active) 

CE=Vil 

- 

- 

100 

m 

VOH 

Output High Voltage 

loH= — 400;<A 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 


- 

0.4 

V 

IPP1 

Vpp Current 

Vpp= 0 —Vcc + 0.6 

- 

- 

±10 


Ilo 

Output Leakage Current 

Vout = 0.4—Vcc 

- 

- 

±10 

4-^ 


A. C. CHARACTERISTICS (Ta = 0~70"C, Vcc=5V±5%, Vpp = 2.0V~Vcc + 0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

TMM27256D-15 

TMM27256D-20 

U 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

> 

II 

)LU 

lo 

II 

Im 

lu 

- 

150 

- 

200 

r 

tCE 

CE to Output Valid 

OE=Vil 

- 

150 

- 

200 

r 

tOE 

OE to Output Valid 

m 

II 

< 

- 

70 


70 

r 

tDFl 

CE to Output in High-Z 

> 

II 

|UJ 

lo 

0 

60 

0 

60 

r 

tDF2 

OE to Output in High-Z 

m 

II 

< 

0 

60 

0 

60 

r 

tOH 

Output Data Hold Time 

> 

II 

lUJ 

lo 

, II 

UJ 

lo 

0 

- 

0 

- 

r 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= 10OpF 
10ns Max. 

0.45V~2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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TMM27256AD-15, TMM27256AD-15(> 
TMM27256AP-20, TMM272^APr20O " 

PROGRAM OPERATION 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc+io 

V 

V|L 

Input Low Voltage 

-0.3 


0.8 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5X, VCC=6V±0 25V, Vpp=1 2.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V|N=0~Vcc 

- 


±10 

juA 

VOH 

Output High Voltage 


2.4 

- 


V 

VOL 

Output Low Voltage 

IOL= 2 . 1 mA 

- 


0.4 

V 

'cc 

Vcc Supply Current 

- 

■ 

- 

120 

mA 

Ipp 2 

Vpp Supply Current 

Vpp=13.0V 



50 

mA 

'/id 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VcC=6V±0-25V. VPP=12.5V+0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 


'AS 

Address Setup Time 

- 

2 

- 


AS 

'ah 

Address Hold Time 

- 

2 



AS 


CE Setup Time 

■ 

0 



ns 


CE Hold Time 

- 

0 



ns 

'OES 

OE Setup Time 

■ 

2 



AS 

'DS 

Data Setup Time 

- 

2 



AS 

'DH 

Data Hold Time 

- 

2 

- 


AS 

'VPS 

Vpp Setup Time 

- 

2 



AS 

'VCS 

Vcc Setup Time 

- 

2 

- 


fJ.S 

'pw 

Initial Program Pulse Width 

CE=V|l. OE=V|h 

0.95 

1 

1.05 

ms 

'OPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

'OE 

OE to Output Valid 

CE=V|h 

- 

- 

150 

ns 

'dfp 

OE to Output in High-Z 

CE=V|h 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Tinnes 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (100pF) 

10ns Max. 

0.45V~2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 





























Note: 


TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 


TIMING WAVEFORMS (PROGRAM) 

{VcC= 6V±0.25V, Vpp=12.5V±0.5V) 


AO ~ 14 


CE 


OE 


00 ~07 


Vpp 


Vcc 



1. Vqq must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from or setting the device into a socket \A/ith Vpp==12.5V 
may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So a 
voltage over 14V should not be applied to the Vpp terminal. When the switching 
pulse voltage is applied to the Vpp terminal, the overshoot voltage pulse should 
not exceed 14V. 
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TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 


ERASURE CHARACTERISTICS 

The TMM27256AD’s erasure is achieved by applying shortwave ultraviolet light which has a 
wavelength of 2537A (Angstroms) to the chip through the transparent window. The integrated dose 
(ultraviolet light intensity [w/cm^] x exposure time [sec.]) for erasure should be a minimum of 15 [w 
sec/cm2]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1cm 
from the lamp surface, the erasure will be achieved within 60 minutes. Using commercial lamps whose 
ultraviolet light intensity is a 12000 [/^w/cm^] will reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [jaw/cm^j x (10 X 60) [sec] = 15 [w • sec/cm^].) 

The TMM27256AD’s erasure begins to occur when exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will include 3000~4000A wavelength components. 
Therefore when used under such lighting for extended periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 

OPERATION INFORMATION 

The TMM27256AD’s six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. 


MODE 

Read Operation 

(Ta=0~70‘C) 

PIN NAMES(NUMBER) 

Read 

CE 

(20) 

L 

OE 

(22) 

L 

Vpp 

(1) 

Vcc 

(28) 

OQ-Oy 

(11-13, 15-19) 

Data Out 

POWER 

Active 

Output Deselect 

* 

H 

5V 

5V 

High Impedance 

Active 

Standby 

H 

♦ 



High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

L 

H 



Data In 

Active 

Program Inhibit 

H 

H 

12.5V 

6 V 

High Impedance 

Active 

Program Verify 

* 

L 



Data Out 

Active 


* : Don’t Care 


READ MODE 

The TMM27256AD has two control functions. The chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) controls the output buffers, independent of device selection. 

Assuming that CE=OE=V|l, the output data is valid at the outputs after address access time from 
the stabilization of all addresses. 

The CE to output valid (tCE) is equal to the address access time (tACC)- 

Assuming that CE=V|l and all addresses are valid, the output data is valid at the outputs after tOE 
from the falling edge of OE. 

OUTPUT DESELECT MODE 

When CE=V|h or OE=V|h, the outputs will be in a high impedance state. So two or more 
TMM27256AD’s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power standby mode. 











TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 


STANDBY MODE 

The TMM27256AD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27256AD is placed in the standby mode which 
reduces the operating current to 30mA from 100mA (about 70% reduction) and the outputs are in a high 
impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27256AD are in the “1” state which is the 
erased state. 

Therefore the program operation is to introduce “O’s” data into the desired bit locations by 
electrically programming. 

The TMM27256AD is in the programming mode when the Vpp input is at 12.5V and CE is at TTL- 
Low level under OE=V|h. 

The TMM27256AD can be programmed any location at anytime either individually, sequentially, or at 
random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed into the device. 

The verify is accomplished with OE at V|l and CE at V|h or V|l. 

PROGRAM INHIBIT MODE 

Under the condition that a program voltage (+12.5V) is applied to Vpp terminal, a TTL high level CE 
input inhibits the TMM27256AD from being programmed. 

Programming of two or more TMM27256AD’s in parallel with different data is easily accomplished. 
That is, all inputs except for CE or OE may be commonly connected, and a TTL Low level program pulse 
is applied to the CE of the desired device only and TTL high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using the high speed programming mode. The device 
is set up in the high speed programming mode when the programming voltage (+12.5V) is applied to 
the Vpp terminal with Vcc=6V. 

The programming is achieved by applying a single TTL low level 1ms pulse the CE input after 
addresses and data are stable. Then the programmed data is verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1 ms is applied and then 
programmed data is verified. This should be repeated until the program verifies (max. 25 times). 

After correctly programming the selected address, the additional program pulse with width equal to 3 
times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified with 
VcC=Vpp=5V. 
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TMM27256AD-i5, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 


HIGH SPEED PROGRAM MODE FLOWCHART 












TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows reading out a code from the TMM27256AD which identifies its 
manufacturer and device type. 

The programming equipment may read out a manufacturer and device code from the TMM27256AD 
by using this mode before program operation to automatically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of the address 
lines are set to V|l in read operation. Data output in this conditions is manufacturer code. Device code 
is identified when address AO is set to V|H- These two codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of TMM27256AD. 


—PINS 

AO 

0? 

06 

O 5 

O 4 

O 3 

O 2 

01 

Oo 

HEX. 

SIGNATURE ^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

V|L 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

V|H 

0 

1 

0 

1 

0 

1 

0 

0 

54 


CE, 


Notes: 


A9=12V±0.5V 
A1~A8, A10~A14, 


OE=V|l 







7.1(.280)±0.2(.008) 


Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 

longitudinal position with respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 


i 


i 


I 


2.54(,100 ±0.25 .010 


1.3 .051 ±0.25 .010 


n ni 5(.006) 

0.46(.018)_q^.,q^^qq4^ 


OUTLINE DRAWINGS 


Unit in mm (inches) 


37.7(1.484)MAX. 


15.24(.600) ±0.3(.012) 


RO.64(.025) 
















TOSHIBA MOS MEMORY PROOUCTS 


65,536 WORD X 8 BIT N-MOS UV 
ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY 
MEMORY 

PRELIMINARY 


TMM27512D-20, TMM2751 2D-200 
TI\/IM27512D-25, TMM2751 2D-250 


DESCRIPTION 

The TMM27512D is a 65,536 word X 8 bit ultraviolet light erasable and electrically programmable read only memory. 
For read operation, the TMM27512D’s access time is 200ns/250ns, and the TMM27512D operates from a single 5-volt 
power supply and has low power standby mode which reduces the power dissipation without increasing access time. 

The standby mode is achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed programming mode. The TMM27512D is 
fabricated with the N-channel silicon double layer gate MOS technology. 


FEATURES 



-20 

-25 

-200 

-250 

Vcc 

5V±5% 

5V±10% 

‘ACC 

200 ns 

250ns 

200 ns 

250ns 

ICC 2 

100mA 

100mA 

ICC1 

30mA 

30mA 


FEATURES 

• Fully static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with 127512 

• Standard 28 pin DIPcerdip package 


PIN CONNECTION 


BLOCK DIAGRAM 



A14 

A13 

A 8 

A9 

All 

OE/Vpp 

A10 

CE 

07 

06 

05 

04 

03 


Vpp GND Vqq 


00 01 02 03 04 05 06 07 



PIN NAMES 


MODE SELECTION 


PIN 

MODE 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

Program 

L 

L 

* 

12.5V 

6 V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


* Don’t Care 


AO - A12 

Address Inputs 

Oq - O 7 

Outputs (Inputs) 


Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

N.C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-I-5V) 

GND 

Ground 
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TMM275t2D-20, TMM2751:2D-200 
TMM27512D-25, TMM27512D-250 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

o 

CD 

d 

I 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

V|N 

Input Voltage 

1 

o 

b> 

b 

V 

V|/0 

Input / Output Voltage 

-0.6'7.0 

V 

Pd 

Power Dissipation 

1.5 

VJ 

TSOLDER 

Soldering Temperature ■ Time 

260-10 

°C ■ sec 

TSTG 

Storage Temperature 

-65-125 

°C 

Tqpr 

Operating Temperature 

0-75 

°C 


READ OPERATION 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27512D-20/25 

TMM27512D-200/250 

Ta 

Operating Temperature 

0-70°C 

0-70°C 

Vcc 

Vqc Power Supply Voltage 

5V±5% 

5V+10% 

Vpp 

■ 1 

Vpp Power Supply Voltage 

_ 

2.0~Vcc+0.6V 

2.0-VCC+0-6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V|n=0-Vqc 



±10 


'lo 

Output Leakage Current 

VoUT=0-4-Vcc 



±10 

/J.A 

'CCI 

Supply Current (Standby) 

X 

> 

II 

ILU 

lO 



30 

mA 

ICC2 

Supply Current (Active) 

> 

II 

lUJ 

lo 



100 

mA 

V|H 

Input High Voltage 

- 

2.0 


Vcc + 1-0 

V 

V|L 

Input Low Voltage 


-0.3 


0.8 

V 

VOH 

Output High Voltage 

Ioh^~'^®0mA 

2.4 



V 

VoL 

Output Low Voltage 

Iol^ 2.1 mA 



0.4 

V 

IPPI 

Vpp Current 

Vpp=0 —Vqq+0.6V 



±10 

/J.A 









TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 


SYMBOL 


PARAMTER 


MIN. 


MAX. 


MIN. 


MAX. 


Address Access Time 


200 


250 


CE to Output Valid 


200 


250 


OE to Output Valid 


100 


CE to Output in High-Z 


OE to Output in High-Z 


Output Data Hold Time 


A.C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= 100 pF 
10ns Max. 

0.45V~2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25“C, f=1 MHz) 


PARAMETER 


TEST CONDITION 


Vm=OV 


Input Capacitance 


OE /Vpp Input Capacitance 


Output Capacitance 


V0UT=0v 


* This parameter is periodically sampled and is not 100% tested 

TIMING WAVEFORMS (READ) 


DATA OUTPUTS 


UNIT 


A.C. CHARACTERISTICS 


TMM27512D-20/200 


TMM27512D-25/250 






















































TMM2751 2Dr20, TMM27512D-200 
TMM275120^25, tMM275l 2D-250 


PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 


Vcc+I-O 

V 

V|L 

Input Low Voltage 

-0,3 


0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5,75 

6,0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12,0 

12,5 

13.0 

V 


D.C. and OPERATING CHARACTERISTICS {Ta=25±5°C, Vcc=6V±0.25V, Vpp=1 2.5V+0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

iLI 

Input Current 

V|N=0~Vcc 



±10 


Vqh 

Output High Voltage 




- 

■n 

VOL 

Output Low Voltage 

I0L=2.1 mA 



0.4 


'cc 

Vcc Supply Current 




120 

mA 

Ipp2 

Vpp Supply Current 

Vpp=13.0V 



50 

mA 

V|D 

A9 Auto Select Voltage 

■ 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V+0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 


TYP. 


UNIT 

^AS 

Address Setup Time 


■ 


- 

AS 

tAH 

Address Hold Time 

■ 

2 



AS 

‘OES 

OE /Vpp Setup Time 


2 




tOEH 

0 E /Vpp Hold Time 

- 

2 





OE /Vpp Pulse Rise Time 


50 



10 ^ 


Data Setup Time 

- 

2 



IlS 

‘dh 

Data Hold Time 

- 

2 



IxS 

tVR 

OE /Vpp Recovery Time 


2 



juS 

tvcs 

Vcc Setup Time 


2 



IXS 

tpw 

Initial Program Pulse Width 

CE=Vn_, OE/Vpp=Vpp 

0.95 

1 


ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tov 

Data Valid from C E 

OE/Vpp=V|i_ 



1 

jas 

tDFP 

OE to Output in High-Z 

^=V|H 



130 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V~2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 
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TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 


TIMING WAVEFORMS (PROGRAM) 
(VcC= 6V±0.25V, Vpp=12.5V±0.5V) 



Note 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp=12.5V may cause 
permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage over 14V 
should not be applied to the Vpp terminal. When the switching pulse voltage is applied to the 
Vpp terminal, the overshoot voltage of its pulse should not be exceeded 14V. 
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TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 


ERASURE CHARACTERISTICS 

The TMM27512D’s erasure is achieved by applying shortwave ultraviolet light which has a 
wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated dose 
(ultraviolet light intensity [w/cm^] X exposure time [sec.]) for erasure should be a minimum of 15 
[w- sec/cm^]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [joiw/cm^] will reduce the exposure time to about 20 minutes. (In this 
case, the integrated dose is 12000 [/xw/cm^] X (10 X 60) [sec] = 15 [w-sec/cm^j.) 

The TMI\/I2751 2D’s erasure begins to occur when exposed to light with wavelength shorter than 4000A. 
The sunlight and the fluorescent lamps will include 3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available. 


OPERATION INFORMATION 

The TMM27512D’s six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. 


-- NAMES (NUMBER) 

CE 

(20) 

OE/Vpp 

(22) 

Vcc 

(28) 

Oo'Oy 

(11 ~13, IS-IS) 


MODE _ 

POWER 


Read 

L 

L 


Data Out 

Active 

Read Operation 

Output Deselect 

* 

H 

5V 

High Impedance 

Active 

(Ta=0'-70°C) 

standby 

H 

* 


High Impedance 

Standby 

Program Operation 

(Ta=25±5”C) 

Program 

L 

Vpp 


Data In 

Active 

Program Inhibit 

H 

Vpp 

6V 

High Impedance 

Active 

Program Verify 

L 

L 


Data Out 

Active 


Note: H; V|h. L; Vil, *; Vm orV|L 


READ MODE 

The TMM27512D has two control functions. The chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. Assuming that 
CE=OE=V|l, the output data is valid at the outputs after address access time from stabilizing of all 
addresses. 

The CE to outp^ valid (tCE) 's equal to the address access time (tACC)- 

Assuming that CE=V|l and all addresses are valid, the output data is valid at the outputs after tOE from 
the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=V|h or OE=\/|h, the outputs will be in a high impedance state. So two or more 
TMM27512D’s can be connected together on a common bus line. When CE is decoded for device 
selection, all deselected devices are in low power standby mode. 
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TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 


STANDBY MODE 

The TMM27512D has a low power standby mode controlled by the CE signal. By applying a high 
levei to the CE input, the TMM27512D is placed in the standby mode which reduce the operating 
current to 30mA from 100mA (about 70% reduction) by applying TTL-high level (Vcc) ^nd then the 
outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27512D are in the “1 ” state which is erased 
state. 

Therefore the program operation is to introduce “O’s” data into the desired bit locations by electricaily 
programming. 

The TMM27512D is in the programming mode when the Vpp input is at 12.5V and CE is at TTL-Low 
levei under OE=V|h. 

The TMM27512D can be programmed any location at anytime either individuaily, sequentiaily, or at 
random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctiy programmed on the programmed bits. 
The verify is accomplished with OE at V|l and CE at V|l. 

PROGRAM INHIBIT MODE 

_Under the condition that the program voltage (+12.5V) is appiied to Vpp terminai, a TTL high level 

CE input inhibits the TMM27512D from being programmed. 

Programming of two or more TMM27512D’s in parallel with different data is easiiy accompiished. That 
is, all inputs except for CE and OE may be commonly connected, and a TTL Low level program pulse is 
applied to the CE of the desired device only and TTL high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatiy decreased by using this high speed programming mode. The device 
is set up in the high speed programming mode when the programming voitage (+12.5V) is applied to 

the Vpp terminai with Vcc=6V. _ 

The programming is achieved by appiying a single TTL low level 1ms pulse to the CE input after 
addresses and data are stable. Then the programmed data is verified by using Program Verify Mode. 
If the programmed data is not correct, another program pulse of 1ms is appiied and then the 
programmed data is verified. This should be repeated until the program operates correctly (max. 25 
times). 

After correctly programming the selected address, the additional program pulse with width equai to that 
needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified with 
VCC=VPP=5V. 
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M27512D-20, TMM275120- 
M27512D-25, TMM27512D 


HIGH SPEED PROGRAM MODE FLOWCHART 


START 


ADDRESS = 
START ADDRESS 


DATA=FF? 


PROGRAM 1ms PULSE 


VERIFY 


ADDRESS = 
NEXT ADDRESS 


OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3X msec DURATION 



— 464 — 









TMM27512D-20, TMM27512D-200 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27512D which identifies its manu¬ 
facturer and device type. 

The programming equipment may read out manufacturer code and device code from TMM27512D by 
using this mode before program operation automatically set program voltage (Vpp) and algorithm. 
Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address lines 
is set to V|L in read operation. Data output in this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih- These two codes possess an odd parity with the parity bit of 
MSB (07.) 

The following table shows electric signature of TMM27512D. 


_ _ PINS 

Aq 

0 ? 

06 

05 

04 

O 3 

O 2 

0 i 

Oo 

HEX. 

SIGNATURE ~ _____ 

( 10 ) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

( 12 ) 

( 11 ) 

DATA 

Manufacture Code 

V|L 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

V|H 

0 

0 

0 

1 ^ 

0 

1 

0 

1 

15 


Notes: A9=12V±0.5V _ _ 

A1~A8, A10~A15, CE, OE=Vil 
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CMOS Erasable/Programmable Read Only Memories 






TOSHIBA MOS MEMORY PRODUCTS 

32,768 WORD X 8 BIT CMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABEL READ ONLY 
MEMORY 

~ SILICON STACKED GATE MOS 


TC57256D-20 

TC57256D-25 


DESCRIPTION 

The TC57256D is a 32,768 word x 8 bit CMOS 
ultraviolet light erasable and electrically programmable 
read only memory. For read operation, the TC 
57256D's access time is 200ns, and the TC57256D 
operates from a single 5-volt power supply and has 
low power standby mode which reduces the power 
dissipation without increasing access time. The 
standby mode is achieved by applying a TTL-high 
level signal to the CE input. Advanced CMOS techn- 
nology reduces the maximum active current to 30 

FEATURES 

• Peripheral circuit: CMOS 
Memory cell ; N-MOS 

• Low power dissipation 

30mA/5MHZ (active) 

100/iA (standby) 

• Fast access time TC57256D-20 200 ns 

TC57256D-25 250 ns 

PIN CONNECTION (TOP VIEW) 


Vppc 

1 ^ 

28 


Ai2[ 

2 

27 

I A14 

At 1 

3 

26 

I Ai3 

A(, c 

4 

25 

lAg 

As C 

5 

24 

I A9 

A4 1 

6 

23 

1 All 

A3 t 

7 

22 



6 

21 

3 Aio 

Al 1 

9 

20 

1« 

Ao t 

10 

19 

307 

OoC 

11 

18 

3 06 

OiC 

12 

17 

3 Os 

02 C 

13 

16 

3 04 

GNOI 

14 

15 

303 


mA/5MHz and standby current to lOOjuA. 

For program operation, the programming is achieved 
by using the high speed programming mode. Program 
supply voltage is 21V which is the same voltage as 
TMM2764D and TMM27128D. The programming of 
TC57256D is accomplished within about one and a 
half minutes (typ.) TC57256D is fabricated with the 
CMOS technology and the N-channel silicon double 
layer gate MOS technology. 


• Single 5V power supply 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P and 
TMM23256P 

• Standard 28 pin DIP cerdip Package 

BLOCK DIAGRAM 



PIN NAMES 


Ao ~ Ai4 

Address Inputs 

Oq ~ O 7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply 

Voltage 

Vcc 

Vcc Supply Voltage 
(+5V) 

GND 

Ground 


MODE SELECTION 




■ 


Vcc 

(28) 

Oo ~ O7 

(11 ~13, 15~19) 

POWER 

Read 

L 

L 



Data Out 


Output Deselect 


H 


High Impedance 

Standby 


# 


High Impedance 

Standby 

Program 

L 

H 



Data In 

Active 


H 

* 

High Impedance 


L 

L 

Data Out 


* : H or L 


— 469 — 



















TC57256D-20 

TC57256D-25 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6 ~ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 ~ 22.0 

V 

V|N 

Input Voltage 

-0.6 ~ 7.0 

V 

V|/o 

Input/Output Voltage 

—0.6 ~ Vcc 0-5 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature Time 

260 ■ 10 

°C • sec 

Tstrg 

Storage Temperature 

-65~125 

°C 

TqPR 

Operating Temperature 

-40 ~ 85 

°C 


BEAD OPERATION 

D. C, RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP, 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.2 

- 

Vcc 0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc 0-3 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85° C, Vcc = 5V ±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input current 

V|N = 0 ~ Vcc 

- 


±10 

mA 

Iccoi 

Operating Current 

CE =0 

f = 5MHz 

- 

- 

30 

mA 

ICC02 

f=1MHz 

- 

- 

10 

mA 

•ccsi 

Standby Current 

CE = V|H 

- 

- 

1 

mA 

ICCS2 

CE = Vcc ~d-2V 

- 

- 

100 

ma 

Vqh 

Output High Voltage 

loH = -400juA 

2.4 

- 

- 

V 

Vql 

Output Low Voltage 

Iql ~ 2.1 mA 

- 

- 

0.4 

V 

IpPI 

Vpp Current 

Vpp = 0 ~ Vcc 0.3V 

- 

- 

±10 

mA 

Ilo 

Output^Leakage Current 

Vqut ^ 0.4V~ Vcc 

- 

- 

±10 

MA 


A. C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vcc = 5V ± 5%, Vpp = 2.0V ~ Vcc + 0.3V) 


SYMBOL 

PARAMETER 

— 

TEST CONDITION 

TC57256D-20 

TC57256D-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

CE = OE = V|| 


200 

_ 

250 

ns 

tCE 

CE to Output Valid 

^ = V,L 

— 

200 

— 

250 

ns 

tOE 

OE to Output Valid 

CE=V,l 

— 

70 

— 

100 

ns 

tOFI 

CE to Output in High-Z 

-i 

> 

II 

ILL! 

lo 

0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 

CE=V|l 

0 

60 

0 

90 

ns 

tOH 

Output Data Hold Time 

_j 

> 

II 

|LU 

10 

11 

|lu 

lo 

0 

- 

0 

- 

ns 


A C. TEST CONDITIONS 

Output Load ; 1 TTL Gate and Cl = lOOpF 

Input Pulse Rise and Fall Times : 10 ns Max. 

Input Pulse Levels : 0.45 ~ 2.4V 

Timing Mesurement Reference Level : Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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TC57256D-20 

TC57256D-25 


CAPACITANCE *(Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 


4 

6 

pF 

CoUT 

Output Capacitance 

VouT = OV 

_1 

8 

12 

PF 


*This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 



PROGRAM OPERATION 

D,C. RECOMMENDED OPERATING CONDITONS 



PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 



2.2 

- 

Vcc + 0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21.0 

21.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 25 ±5°C, Vcc = 6V ± 0,25V, Vpp = 21V ±0.5) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

V|N = 0 ~ Vcc 

- 

- 

±10 

HA 

Vqh 

Output High Voltage 

loH = -400piA 

2.4 

- 

- 

V 

Vql 

Output Low Voltage 

Iql ~ 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 


- 

- 

30 

mA 

Ipp2 

Vpp Supply Current 

Vpp = 21.5V 

- 

- 

30 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta = 25 ±5°C, Vcc = 6V ±0.25V, Vpp = 21V ±0.5) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

(iS 

tAH 

Address Hold Time 

- 

2 

- 

- 


tCES 

CE Setup Time 

- 

2 

- 

- 

JUS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

JUS 

tOES 

OE Setup Time 

- 

2 

- 

- 

JUS 

tOEH 

OE Hold Time 

- 

2 

- 

- 

JUS 

tos 

Data Setup Time 

- 

2 

- 

- 

MS 

tOH 

Data Hold Time 

- 

2 

- 

— 

MS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

MS 

tpw 

Initial Program Pulse Width 

CE = V|L, OE = V|H 

0.95 

1 

1.05 

ms 

topw 

Overprogram Pulse Width 

Note 1 

0.95 

1 

21 

ms 

tov 

CE to Output Valid 

OE = V,l 


— 

1 

MS 

tOFI 

CE to Output in High-Z 

OE = V,L 

- 

- 

150 

ns 
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TC57256D-20 

TC57256D-25 


A C. TEST CONDITIONS 
Output Load 

Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10 ns Max. 

0.45 ~ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1 ;The length of the overprogram pulse may vary as function of the counter value X. 


Tmtm mvEPonm ifrogram) 

(Vcc = 6V ± 0.25V, Vpp = 21V + 6.5V) 



Note; (1) Vcc i^^ust be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

(2) Removing the device from socket and setting the device in socket with Vpp = 21V may cause per¬ 
manent damage to the device. 

(3) The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should 
not be applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pluse should not be exceeded 22V. 






TC57256D-20 

TC57256D-25 


ERASURE CHARACTERISTICS 

The TC57256D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength 
of 2537 A (Angstroms) to the chip through the trans¬ 
parent window. 

Then integrated does (ultraviolet light intensity 
[w/cm* ] X exposure time [sec.]) for erasure should 
be a minimum of 15 [w-sec/cm^ ]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 


OPERATION INFORMATION 

The TC57256D's six operation modes are listed 
in the following table. Modeselection can be achieved 


ultraviolet light intensity is a 12000 [jiiw/cm^ ] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated does is 12000 [juw/cm^ ] x 
(20 x60) [sec.] 15 [w-sec/cm^ ].) 

The TC57256D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000 ~ 4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seal Toshiba EPROM Protect 
Seal AC901 is available. 


by applying TTL level signal to all inputs. 


MODE 

Read Operation 
(Ta = -40~85°C) 

Read 

CE 

( 20 ) 

L 

OE 

( 22 ) 

L 

Vpp 

(1) 

Vcc 

(28) 

Oq ~ O 7 

(11 ~13,15~19) 

Data Out 

POWER 

Active 

Output Deselect 

* 

H 

5V 

5V 

High Impedance 

Active 

Standby 

H 

* 



High Impedance 

Standby 

Program Operation 
(Ta = 25 ±5°C) 

Program 

L 

H 



Data In 

Active 

Prograrndnliibit 

H 

* 

21V 

6 V 

High Impedance 

Active 

Program Verify 

L 

L 



Data Out 

Active 


Note: H; V|H, L; V|L •; V|H or V|L 


READ MODE 

The TC57256D has two control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) control the output 
buffers, independent of device selection. Assuming 
that CE = OE = V|L, the output data is valid at the 
outputs after address access time from stabilizing of 


all addresses. 

The CE to output valid (tee) is equal to the 
address access time (tAc r)- 

Assuming that CE = V|l and all addresses are 
valid, the output data is v alid at the outputs after 
toE from the falling edge of OE. 
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TC57256D-25 


OUTPUT DESELECT MODE 

Assuming thatCE = Vm or OE = V|h, the outputs 
will be in a high impedance state. So two or more 
TC57256D's can be connected together on a common 


STANDBY MODE 

The TC57256D has a low power standby mode 
controlled by the CE signal. By applying a high 
level to the CE input, the TC57256D is placed in 
the standby mode which reduce the operating current 


PROOBAM MODE 

Initially, when received by customers, all bits 
of the TC57256D are in the “1" state which is 
erased state. 

Therefore the program operation is to introduce 
"O's” data into the desired bit locations by electri¬ 
cally programming. 


PROGRAM VERIFY MODE 

The verify mode is to check that desired data 
is correctly programmed on the programmed bits. 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(-t-21V) is applied to Vpp terminal, a high level CE 
input inhibits the TC57256D from being programmed. 

’Programming of two or more TC57256Ds in 
parallel with different data is easily accomplished. 


HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased 
by using this high speed programming mode. The 
device is set up in the high speed programming mode 
when the programming voltage (-1-21V) is applied to 
the Vpp terminal with Vcc = 6V. 

The programming is acheived by applying a single 
TTL low level 1ms pulse to the CE input after 
addresses and data are stable. Then the programmed 
data is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and the programmed 


bus line. When CE is decoded for device selection, 
all deselected devices are in low power standby mode. 


to 100/nA by applying MOS-high level (Vcc) then 
the outputs are in a high impedance state, independent 
of the OE inputs. 


The TC57256D is in the programming mode when 
the Vpp input is at 21V and CE is at TTL-Low under 
OE = V|h. 

The TC57256D can be programmed any location 
at anytime eitehr individually, sequentially, or at 
random. 


The verify is accomplished with OE and CE at 
V|L. 


That is, all inputs except for CE may be commonly 
connected, and_a TTL low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 


data is verified. This should be repeated until the 
program operates correctly (max. 20 times). 

After correctly programming the selected address, 
the additional program pulse with width equal to 
that needed for initial programming is applied. 

When programming has been completed, the data 
in all addresses should be verified with Vcc = Vpp 
= 5V. 

This high speed program algorithm allows the pro¬ 
gramming of the TC57256D to be accomplished 
within one and a half minutes (typ.). 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a 
code from TC57256D which identifies its manu¬ 
facturer and device type. 

The programming equipment may reads out 
manufacturer code and device code from TC57256D 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is 


applied to address line A 9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code 
is identified when address Ao is set to Vm- These 
two codes possess an odd parity with the parity bit 
of MSB (O 7 ). 

The following table shows electric signature of 
TC57256D. 


PINS 

SIGNATURT'''-^^ 

Ao 

( 10 ) 

O7 

(19) 

06 

(18) 

O5 

(17) 

O4 

(16) 

O3 

(15) 

1 O2 

(13) 

Oi 

( 12 ) 

Oo 

( 11 ) 

HEX. 

DATA 

Manufacture Code 

V|L 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

V|H 

0 

0 

0 

0 

0 

1 

0 

0 

04 


Notes; A 9 = 12V ± 0.5V 

Ai — As, Aio — Ai4 , CE, OE = V|l 


OUTLINE DRAWINGS 


R0.64 




Unit In mm 



Note; 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect to No. 1 and No. 28 leads. 

2. This value is meesured at the end of leads. 

3. All dimensions are in millimeters. 
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NMOS One Time Programmable Memories 





TOSHIBA MOS MEMORY PROOUCTS 

TMM2464AP 


IDESCRIPTIONI 

The TMM2464AP/AF is a 8,192 word 8 bit one time programmable read only memory, 
and molded in a 28 pin plastic DIP. 

The TMM2464AP/AF’s access time is 200ns, and has low power standby mode which reduces 
the power dissipation without increasing access time. 

The electrical characteristics and programming method are the same as U.V. EPROM 
TMM2764AD's. 

Once programed, the TMM2464AP/AF can not be erased because of using plastic DIP 
without transparent window. 


• Single 5 volt power supply 

• Fast access time: 200ns (Max.) 

• Power dissipation: 100mA(active current) 1 

30mA(standby current) 

• Low power standby mode: CE 

• Output buffer control : OE 

• Fully static operation 

I FIN CONNECTION! (TOP VIEW) 

Vpptjl 

A12[2 27]?OT 

26 1N.0. 


22 

21 ] AlO 
2CJ^ 

19 Jo? 
18 ] 06 
17 105 
16104 
15103 


• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Compatible with TMM2764AD and ROM 

TMM2365P, TC5365P.. 

• 28 PIN standard plastic package 

: TMM2464AP 

• 28 PIN flat package; TMM2464AF 

I BLOCK DIAGRAM I 

Vpp QND Vqq 00 01 02 03 04 05 06 07 


, CrSand POM 
CIRCUIT 


OUTPUT BUFFERS 


COLUMN 32 


COLUMN I/O 
CIRCUIT 


MEMORY CELL 
ARRAY 

8192X8 Dits 


TO NAMES I 

AO A12 Address Inputs 
0007 Outputs (Inputs) 


Chip Enable Input 


Output Enable 
Input 


Program Control 
Input 


No Connection 


Program Supply 
Voltage 


Vcc Supply 
Voltage (+5V) 


I I Ground 


IMODE SELECTION 


PIN PEM CE OE Vpp Vcc 
(27) (20) (22) (1) (28) 



Data Out 


Output Deselect 


Standby 


Program 


Program Inhibit 


Program Verity 


Active 


H I 5V 5V High Impedance 

High Impedance IStandby 


Data In 


High Impedance 


High Impedance 


Data Out 




*: H or L 
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SYMBOL 

ITEM 

vcc 

Vqq Power Supply Voltage 

Vpp 

Program Supply Voltage 

ViN 

Input Voltage 

VqUT 

Output Voltage 

Pd 

Power Dissipation 

’^SOLDER 

Soldering Temperature • Time 

^STRG. 

Storage Temperature 

^OPR. 

Operating Temperature 



260 • 10 


-55 -v 150 


O'v- 70 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 1 MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

VcC+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

^CC 

Vqq Power Supply Voltage 

4.75 

5.00 

5.25 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

VcC+0.6 


D.C. and OPERATING CHARACTERISTICS 

(Ta=070°C, Vqq= 5V±5%, Unless othen^ise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

Vij^=0'vVqc 

- 

- 

±10 

pA 


Supply Current (Standby) 

CE=Vih 

- 

- 

30 

mA 

^CC2 

Supply Current (Active) 

^=ViL 

- 

- 

100 

mA 

^OH 

Output High Voltage 

Ioi{~~400viA 

mi 

- 

- 

V 

Vql 

Output Low Voltage 

^OL^^.lmA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=0 'v> Vqq+O . 6 

- 

- 

±10 

yA 

O 

M 

Output Leakage Current 


- 

- 

±10 

yA 




































































































TMM2464AP 


A.C. CHARACTERISTICS 

(Ta=070°C, Vqc= 5V±5%, Vpp=2 .OVVqq+ 0.6V, Unless otherwise noted) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

- 

200 

ns 

^CE 

CE to Output Valid 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

ns 

^PGM 

PGM to Output Valid 

- 

70 

ns 

tDFl 

CE to Output to High-Z 

0 

60 

ns 

^DF2 

OE to Output to High-Z 

0 

60 

ns 

^DF3 

PGM to Output High-Z 

0 

60 

ns 

^OH 

Output Data Hold Time 

0 

- 

ns 


AC TEST CONDITIONS 

• Output Load : 1 TTL Gate and CL=100pF 

• Input Fulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels ; 0.45V to 2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta=25°C, f^lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN=0V 

- 

4 

6 

pF 

^OUT 

Output Capacitance 

VouT=0V 

1 

8 

_ 1 

12 

1 _ 

PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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HIGH SPEED PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

VcC+1-0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

mm 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

Viu=0'\/ Vcc 

- 

- 

±10 

yA 

Vqh 

Output High Voltage 


2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol= 2.1mA 

- 

- 

0.4 

V 

^CC 

Vq^ Supply Current 

- 

- 

- 

100 

mA 

Ipp2 

Vpp Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 


A.C. PROGRAMMING CHAPJ\CTERISTICS (Ta=25±5*C, Vqq^6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

^AS 

Address Setup Time 

- 

2 

- 

- 

ys 

tAH 

Address Hold Time 

- 

2 

- 

- 

ys 

^CES 

CE Setup Time 

- 

2 

- 

- 

mm 

^CEH 

CE Hold Time 

- 

2 

- 

- 


tDS 

Data Setup Time 

- 

2 

- 

- 

IQII 

tDH 

Data Hold Time 

- 

2 

- 

- 

ys 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

■9 

tpw 

Program Pulse Width 

- 

0.95 

1.0 

1.05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

tOE 

DF to Output Valid 

- 


- 

100 

ns 

tDF2 

OF to Output in High-Z 

cF=Vil 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.45V and 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: tQpw depend on the program pulse width xdiich is required in the initial 
program. 




















































































































TIMING WAVEFORMS (HIGH SPEED PROGRAM) 



Note: 1. Yqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
















TMM2464AP 


OPERATION INFORMATION 

The TMM2A64AP/AF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 

In the read operation mode, a single 5V power supply is required and the 
levels required for all inputs are TTL. 


~ 

PGM 

(27) 

CF 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

00-^07 

(11-vis, 15'^ 19) 

POWER 

READ 

Read 

H 

B 

B 



Data Out 

Active 

OPERATION 

Output Deselect 

is 

is 

H 

5V 

5V 

High Impedance 

Active 

(Ta=0'v. 70°C) 

Standby 

* 


* 



High Impedance 

Standby 

PROGRAM 

OPERATION 

Program 

D 

B 

B 



Data In 

Active 

Program Inhibit 

* 

H 

* 

123V 

6V 

High Impedance 

Active 

(Ta=25±5‘’C) 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

B 

B 



Data Out 

_ 

A o t"-! yro 


Note: H; Vih, L; Vjl, *; Vih or Vil 


READ MODE 

The TMM2464AP/AF has three control functions. The chip enable (CE) controls 
the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 
independent of device selection. 

Assuming that CE=OE=V];x, and PGM=Vxh» the output data is valid at the outputs 
3-fter address access time from stabilizing of all addresses. 

The UE" to output valid (tCE) is equal to the address access time (tACC)* 

Assuming that U1 =Vjl> FGM=Vjh and all addresses are valid, the output data is 
valid at the outputs after tOE from the falling edge of OE. 

And assuming that CE=0 E=Vil and all addresses are valid, the output data is valid 
at the outputs after tpQj^ from the rising edge of PGM. 

OUTPUT DESELECT MODE 

Assuming that CE=Vxjj or OE=Vxh» outputs will be in a high impedance state. 

So two or more TMM2464AP/AF can be connected together on a common bus line, 
lichen CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM2464AP/AF has a low power standby mode controlled by the CE" signal. 

By applying a TTL high level to the CE input, the TMM2464AP/AF is placed in the 
standby mode which reduce the operating current from lOOmA to 30mA, and then the 
outputs are in a high impedance state, independent of the OE and the PGM inputs. 
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TMM2464AP 


PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is correctly programmed 
on the programmed bits. 

The verify is accomplished with OE and CE at PGM at Vjjj. 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is applied to Vpp 
terminal, a high level CE or PGM input inhibits the TMM2464AP/AF from being 
programmed. Programming of two or more TMM2464AP/AF in parallel with different 
data is easily accomplished. That is, all inputs except for CE or PGM may be 
commonly connected, and a TTL low level program pulse is applied to the CE and 
PGM of the desired device only and TTL high level signal is applied to the 
other devices. 


HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed programming mode when the program¬ 
ming voltage (+12.5V) is applied to the Vpp terminal with Vqq= 6V and PGM=Vt'jj. 
The programming is achieved by applying a single TTL low level 1ms pulse the 
?GM input after addresses and data are stable. Then the programmed data is 
verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied 
and then programmed data is verified. This should be repeated until the pro¬ 
gram operates correctly (max. 25 times). 

After correctly programming the selected address, one additional program pulse 
with pulse width 3 times that needed for programming is applied. 

When programming has been completed, the data in all addresses should be 
verified with VQQ=Vpp=5V. 







HIGH SPEED PROGRAM MODE FLOW CHART 
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TMM2464AP 


[electric signature mode] 


Electric signature mode allows to read out a code from TMM2464AP/AF 
which identifies its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TMM2464AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set 
to Vijj. These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TMM2464AP/AF. 


PINS 

AO 


1^ 

iSI 



BB 

01 

00 

HEX 

s ignature'"'^---^^ 

(10) 

BEi 




ESI 

BBl 

(12) 

(11) 

DATA 

Manufacture Code 

ViL 

D 

0 

0 

B 

B 

0 

0 

0 

98 

Device Code 

ViH 

0 

B 

0 

B 

0 

0 

B 

0 

52 


Notes: A9=12V±0.5V 


A1'\'A8, A10'v-A12, CE, 0 E=Vil PGM=Vxh 
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0.5(.020)MIN. 


OUTLINE DRAWINGS (TMM2464AP) 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



« 

Note !• EsCii lesd pitcli is 2.54n!!t« AXi Xesds Sts Located witliiu. 0»25inn3 
of their true longitudinal position with respect No.l and No.28 
leads. 


2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 











Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No.28 leads. 
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TMM24128AP 


DESCRIPTION 


The TMM24128AP/AF is a 16,384 wordx 8 bit one time programmable read only memory, 
and molded in a 28 pin plastic DIP. TMM24128AP/AF*s access time is 200ns, and has 
low power standby mode which reduces the power dissipation without increasing access 
time. The electrical characteristics and programming method are the same as U.V. 

EPROM TMM27128AD’s. Once programed, the TMM24128AP/AF can not be erased because of 
using plastic DIP without transparent window. 


Single 5 volt power supply 
Fast access time: 200ns (Max.) 

Power dissipation: 100mA (active current) Max. 

30mA(standby current) Max. 
Low power standby mode: CE" 

Output buffer control : OE 
Fully static operation 
High speed programming mode 


IPIN connection!(TOP VIEW) 


VppC 1 
A12C 2 
A7C 3 
A6C A 
A5l 5 


A2 C 9 
Alt 9 
A0[ 10 
00 [ 11 
01 [ 12 
02 [ 13 
ONDt 14 


28 lVcQ 

27 

261a 13 
25 ]Aa 
24 ]a 9 
23 I All 
ZZiTTS 
21 IA10 
20 ICE 

19 107 
18 ] 06 


• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatiblf- 

• Compatible with TMM27128AD and 

MASK ROM TMM23128P 

• 28 PIN standard plastic package 

:TMM2412SAP 

• 28 PIN flat package: TMM24128AF 


[BLOCK DIAGRAM^ 


DE , CE and POM 
CIRCtJIT 


00 01 02 03 04 05 06 07 


OUTPUT BUFFERS 


CULUMN 

DECODER 

32 J 

1 



ROW 

DECODER 

512 


MEMORY CELL 
ARRAY 

16,384 X 8 bit 


IPIN NAMES! 


AO A13 Address Inputs 


D0'\/D7 (Outputs (Inputs) 


Chip Enable 
Input 


Output Enable 
Input 


Program Control 
Input 


Program Supply 
Voltage 


V^j, Supply 
Voltage (+5V) 





MODE SELECTION 


PIN 


MODE 


Read 


Output Deselect 


Standby 


Program 


Program Inhibit 


Program Verify 



Vcc 

(•28) 

OO-i^ 07 

(1113,1519) 

POWER 


Data Out 

Active 

5V 

High Impedance 


High Impedance 

Standby 


Data In 



High Impedance 

Actn VP 

6V 

High Impedance 



Data Out 
























































MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

^CC Power Supply Voltage 

-0.6 -v/ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6'\/14.0 

V 

ViN 

Input Voltage 

-0.6^7.0 

V 

^OUT 

Output Voltage 

-0.6-^ 7.0 

V 


Power Dissipation 

1.5 

w 

'^SOLDER 

Soldering Temperature * Time 

260 • 10 

“C • sec 

Tstrg. 

Storage Temperature 

-55 -v-150 

“C 

"^OPR. 

Operating Temperature 

0'^^ 70 

“C 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

VcC+1‘0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

^cc 

Vqq Power Supply Voltage 

4.75 

5.00 

5.25 

V 

^PP I 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc+0-6 

lJL_ 


D.C. and OPERATING CHARACTERISTICS 

(Ta=0'V yO^C, Vqq= 5V±5^ Unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

^LI 

Input Current 

ViN=0'\, Vcc 

- 

- 

±10 

n 

Icci 

Supply Current (Standby) 

CE»Vih 

- 

- 

30 

mA 

ICC2 

Supply Current (Active) 

CE=Vil 

- 

- 

100 

mA 

o 

> 

Output High Voltage 

IOH®~^00uA 

mm 

- 

- 

V 

^OL 

Output Low Voltage 

IOL=2.1mA 

- 

- 

0.4 

V 

■sa 

Vpp Current 

Vpp=0 Vqq+0.6 

- 

- 

±10 

yA 

^LO 

Output Leakage Current 

Vqut^O • AV -v. Vqc 

- 

- 

±10 

yA 






































































































A.C. TEST CONDITION 

• Output Load : 1 TTL Gate and CL“100pF 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.45V to 2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta»25'’C, f»lMHz) 


































































D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=25±5“C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

Vii}=0 Vcc 

- 

- 

±10 

UA 

^OH 

Output High Voltage 

?OH=-400yA 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

IOL“2.1mA 

- 

- 

0.4 

V 

^CC 

Vcc Supply Current 

- 

- 

- 

100 

mA 

Ipp2 

Vpp Supply Current 

Vpp»13.0V 

- 

- 

50 

mA 


A,C. PROGRAMMING CHARACTERISTICS (Ta=»25±5°C, Vcc=6V±0.25V, Vpp=l2.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 


ys 


Address Hold Time 

- 

2 

- 

- 

mm 

^CES 

Ce Setup Time 

- 

2 

- 

- 

lai 

^CEH 

Hold Time 

- 

2 

- 

- 

-s 

^DS 

Data Setup Time 

- 

2 

- 

- 

yS 

tDH 

Data Hold Time 

- . 

2 

- 

- 

wm 

^VS 

Vpp Setup Time 

- 

2 

- 

- 

ys 

tpw 

Program Pulse Width 

- 

0.95 

1.0 

1.05 

ms 

^OPW 

Additional Program Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

’^OE 

GE to Output Valid 

- 

- 

- 

100 

ns 

tDF2 

01 to Output in High-Z 

CE=Vil 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 

Output Load ; 1 TTL Gate and CL(lOOpF) 

Input Pulse Rise and Fall Time : 10ns Max. 

Input Pulse Levels : 0.45V and 2.4V 

Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: tQpw depens on the program pulse width which is required in the initial 
program. 
























































































































TMM24128AP 


TIMING WAVEFORMS (HIGH SPEED PROGRAM) 



Note: 1. V(^(^ must be applied simultaneously or before Vpp and cut off 

simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program opera¬ 
tion, so the voltage over 14V should not be applied to the Vpp 
terminal. 

When the svritching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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OPERATION INFORMATION 


The TMM24128AP/AF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 

In the read operation mode, a single 5V power supply is required and the levels 
required for all inputs are TTL. 



P^ 

(27) 

CE 

(20) 

OE 

(22) 

m 


00'\-07 

(ll'v.lS, 15-^19) 

m 

READ 

OPERATION 

(Ta=0V 70“C) 

Read 

H 

B 

B 

5V 

5V 

Data Out 

Active 

Output Deselect 

■ft 

ft 

H 

High Impedance 

Active 

Standby 


H 

* 

High Impedance 

S tandby 

PROGRAM 

OPERATION 

(Ta»25±5*C) 

Program 

B 

B 

B 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note: H; Vih, L; *; V^h or 


READ MODE 

The TMM24128AP/AF has three control functions. The chip enable (^) controls 
the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 
independent of device selection. 

Assuming that CE=^=Vil and PGM=Vj;jj, the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (t^^) is equal to the address access time (tACC)• 

Assuming that CE=Vil, PGM=Viji and all addresses are valid, the output data is valid 
at the outputs after tQE from the falling edge of SE. 

And assuming that CE=OE=Vil and all addresses are valid, the output data is valid at 
the outputs after tpcj^ from the rising edge of PGM. 

OUTPUT DESELECT MODE 

Assuming that ^=VxH or OE=Vxh> the outputs will be in a high impedance state. 
So two or more TMM24128AP/AF can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM24128AP/AF has a low power standby mode controlled by the CE signal. 

By applying a TTL high level to the CE input, the TMM24128AP/AF is placed in the 
standby mode which reduce the operating current from 100mA to 30mA, and t hen the 
outputs are in a high impedance state, independent of the OE and the PGM inputs. 


Aaa — 














































TMM24128AP 


PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is correctly programmed 
on the programmed bits. 

The verify is accomplished with OE and CE at V^l and PGM at 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is applied to Vpp 
terminal, a high level CE or PGM input inhibits the TMM24128AP/AF from being 
programmed. Programming of two or more TMM24128AP/AF in parallel with different 
data is easily accomplished. That is, all inputs except for ^ or PGM may be 
commonly connected, and a TTL low level program pulse is applied to the CE and 
PGM of the desired device only and TTL high level signal is applied to the other 
devices. 


HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed programming mode when the programm¬ 
ing voltage (+12.5V) is applied to the Vpp terminal with ^qc=6W and FGM=*Vpj[. 

The programming is achieved by applying a single TTL low level 1ms pulse the 
PGM input after addresses and data are stable. Then the programmed data is 
verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied 
and then programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, one additional program pulse 
with pulse width 3 times that needed for programming is applied. 

When programming has been completed, the data in all addresses should be 
verified with VQr=Vpp=»5V. 



























TMM24128AP 


ELECTRIC SIGNATURE MODE] 

Electric signature mode allows to read out a code from TMM24128AP/AF which 
identifies its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TMM24128AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set 
to Vjg. These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TMM24128AP/AF. 


PINS 

SIGNATURE^^^ 

AO 

(10) 

Manufacture Code 

ViL 

Device Code 

ViH 


05 04 

(17) (16) 


Notes: A9=»12V±0.5V 

A1^A8, AIO^AIS, Cl, CE=Vtl P^»Vih 


(11) DATA 













































Note; Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No. 28 leads. 
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TOSHIBA MOS MEMORY PROOUCTS 


32,763 WORD X 8 BIT ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 

SILICON STACKED GATE MOS 


TMM24256AP/AF 


DESCRIPTION 

The TMM24256AP/AF is a 32,768 word X 8 bit one time programmable read only memory, and molded in a 28 pin 
plastic Package. 

The TMM24256AP/AF’s access time is 200ns, and has low power standby mode which reduces the power dissipation 
without increasing access time. 

The electrical characteristics and programming method are the same as U.V. EPROM TMM27256AD’s. 

Once programmed, the TMM24256AP/AF can not be erased because of using plastic DIP without transparent window. 


• Fully static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P, TMM23256P, 

EPROM TMM27256D/AD and TC57256D 

• Standard 28 pin DIP plastic package : TMM24256AP 

• Plastic Flat Package :TMM24256AF 


PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 


FEATURES 

• Fast access time : 200ns 

• Low power dissipation 

Active ; 100 mA 
Standby : 30 mA 

• Single 5V power supply 



PIN NAMES MODE SELECTION 


PIN 

MODE 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo-Oy 

(11-13, 15-19) 

POWER 

Read 

L 

L 



Data Out 

Active 

Output Deselect 

* 

H 

5V 

5V 

High Impedance 


Standby 

H 

* 



High Impedance 

Standby 

Program 

L 

H 



Data In 


Program Inhibits 

H 

H 

12.5V 

6V 

High Impedance 

Active 

Program Verify 


L 



Data Out 



Ao~Ai4 

Address Inputs 

Oo-Oy 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (+5V) 

GND 

Ground 
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TMM24256AP/AF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

o 

1 

CO 

cj 

1 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

VlN 

Input Voltage 

-0.6~7.0 

V 

V|/0 

Input / Output Voltage 

o 

CO 

d 

i 

V 

Pd 

Power Dissipation 

1.5 

w 

^SOLDER 

Soldering Temperature 

260-10 

°C • sec 

Tstg 

Storage Temperature 

-55-150 

X 

topr 

Operating Temperature 

0-70 

°C 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 


Vcc+1-0 

V 

V|L 

Input Low Voltage 

CO 

d 

1 


0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc+0.6 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=0~70“C, VcC=5V±5%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V|N=0~Vcc 



±10 

mA 

'cci 

Supply Current (Standby) 

X 

> 

11 

IliJ 

lo 

- 


30 

mA 

ICC2 

Supply Current (Active) 

CE =V|L 



100 

mA 

VOH 

Output High Voltage 

Iq|-|=— 400fiA 

n 



V 

VOL 

Output Low Voltage 

I0L=2.1 mA 



0.4 

V 

IPPI 

Vpp Current 

Vpp=0—VQQ-f0.6V 



±10 

mA 

'lo 

Output Leakage Current 

VoUT=0-4V~Vcc 



±10 

mA 
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TMM24256AP/AF 


A.C. CHARACTERISTICS (Ta=0~70X, VcC=5V±5%, Vpp=2.0V~VcC+0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

CE=OE=V|l 

- 

200 

ns 

tCE 

CE to Output Valid 

OE=V|l 


200 

ns 

tOE 

OE to Output Valid 

CE=V|l 


70 

ns 

tpFI 

CE to Output in High-Z 

dE=V|L 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

CE=V|l 

0 

60 

ns 

tOH 

Output Data in Hold Time 

CE=dE=ViL 

0 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Level 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= 100 pF 
10ns Max. 

0.45V~2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta=25°C, f=1MHz)) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N=OV 


4 

6 

pF 

Gout 

Output Capacitance 

'/OUT=OV 

■ 

_ ! _ 


pF 


* This parameter is periodicaily sampied and is not 100% tested. 


TIMING WAVEFORMS 
(READ) 
































































SYMBOL 


PARAMETER 


Vcc+1-0 


Input High Voltage 


Input Low Voltage 


Vcc Power Supply Voltage 


Vpp Power Supply Voltage 


■1111111 




iBiililiP 




.I-"' '-"^3 



if I'^l 1 









D.C. and OPERATING CHARACTERISTICS (Ta=25±5“C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5'’C, VcC=6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

*AS 

Address Setup Time 

tAH 

Address Hold Time 

tCES 

Ce Setup Time 

tCEH 

CE Hold Time 

tOES 

OE Setup Time 

*DS 

Data Setup Time 

tPH 

Data Hold Time 

tVPS 

Vpp Setup Time 

tvcs 

Vcc Setup Time 

tpw 

Initial Program Pulse Width 

tOPW 

Overprogram Pulse Width 

*0E 

OE to Output Valid 

tDFP 

OE to Output in High-Z 


TEST CONDITION 


CE=V|l. OE=V|h 


Note 1 


CE=V|h 


CE=V|h 


MIN. TYP. MAX. 





A.C. TEST CONDITIONS 

Output Load : 1 TTL Gate and Cl (100pF) 

Input Pulse Rise and Fall Times : 10ns Max. 

Input Pulse Levels ; 0.45V~2.4V 

Timing Measurement Reference Level : Input 0.8V and 2.0V, Output 0.8V and 2.0V 
Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 
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TMM24256AP/AF 


TIMING WAVEFORMS (PROGRAM) 
(Vcc= 6V±0.25V, Vpp=12.5V±0.5V) 



Note 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp=12.5V may cause 
permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage over 14V 
should not be applied to the Vpp terminal. When the switching pulse voltage is applied to the 
Vpp terminal, the overshoot voltage of its pulse should not be exceeded 14V. 


—507 — 






TMM24256AP/AF 

OPERATION INFORMATION 

The TMM24256AP/AF’s six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. 


NAMES (NUMBER) 

MODE 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 

POWER 

Read Operation 

(Ta=0~70°C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Active 

Program Verify 

* 

L 

Data Out 

Active 


Note: H; V||-|, L; V|i_, *; Vm or V||_ 


READ MODE 

The TMM24256AP/AF has two control functions. The chip enable (CE) controls the operation power 
and should be used ^ device selection. 

The output enable (OE) control the output buffers, independent of device selection. Assuming the 
^=^=V|L, the output data is valid at the outputs after address access time from stabilizing of all 
addresses. 

The CE to outpij^ valid (tCE) is equal to the address access time (tACC)- 

Assuming that CE=V|l and all addresses are valid, the output data is valid at the outputs after tOE from 
the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=V|h or OE=V|h, the outputs will be in a high impedance state. So two or more 
TMM24256AP/AF’s can be connected together on a common bus line. When CE is decoded for device 
selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TMM24256AP/AF has a low power standby mode controlled by the CE signal. By applying a 
high level to the CE inputs, the TMM24256AP/AF is placed in the standby mode which reduces the 
operating current to 30mA from 100mA (about 70% reduction) and the outputs are in a high impedance 
state, independent of the OE inputs. 







TMM24256AP/AF 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM24256AP/AF are in the “1” state which is 
erased state. 

Therefore the program operation is to introduce “O’s” data into the desired bit locations by electrically 

programming. _ 

The TMM24256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is at TTL- 
Low level under OE=V|h. 

The TMM24256AP/AF can be programmed any location at anytime either individually, sequentially, or at 
random. 


PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the programmed bits. 
The verify is accomplished with OE at V|l and CE at Vjh or V|L- 

PROGRAM INHIBIT MODE 

_Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, a TTL high level 

CE input inhibits the TMM24256AP/AF from being programmed. 

Programming of two or more TMM24256AP/AF’s in parallel with different data is easily accomplished. 
That is, all inputs excepHor CE and OE may be commonly connected, and a TTL Low level program 
pulse is applied to the CE of the desired device only and TTL high level signal Is applied to the other 
devices. 


HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming mode. The device 
is set up in the high speed programming mode when the programming voltage (+12.5V) is applied to 

the Vpp terminal with Vqc=6V. _ 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE input after 
addresses and data are stable. Then the programmed data is verified by using Program Verify Mode. 
If the programmed data is not correct, another program pulse of 1 ms is applied and then the 
programmed data is verified. This should be repeated until the program operates correctly (max. 25 
times). 

After correctly programming the selected address, the additional program pulse with width equal to that 
needed for initial programming is applied. 

When programming has been completed, the data In all addresses should be verified with 
VCC=VPP=5V. 
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TMM24256AP/AF 

HIGH SPEED PROGRAM MODE FLOW CHART 
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TMM24256AP/AF 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM24256AP/AF which identifies its 
manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from TMM24256AP/AF 
by using this mode before program operation automatically set program voltage (Vpp) and algorithm. 
Electric Signature mode is set up when 12V is applied to address line A9 and the rest of the address 
lines are set to V|l for read operation. Data output in this conditions is manufacturer code. Device code 
is identified when address AO is set to V|h. These two codes possess an odd parity with the parity bit 
of MSB (07) 

The following table shows electric signature of TMM24256AP/AF. 


--PINS 

SIGNATURE -- 

Manufacture Code 

Aq 

(10) 

V|L 

0? 

( 19 ) 

1 

06 

( 18 ) 

0 

O5 

( 17 ) 

0 

04 

( 16 ) 

1 

O3 

( 15 ) 

1 

O2 

( 13 ) 

0 

0i 

(12) 

0 

Oo 

(11) 

0 

HEX. 

DATA 

98 

Device Code 

V|H 

0 

1 

0 

1 

0 

1 


0 

54 


A9=12V±0.5V _ _ 

A1~A8, A10~A14, CE, OE=V|l 


Notes: 







TMM24256AP/AF 


OUTLINE DRAWING (TMM24256AP) 


Unit in mm (inches) 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 




xi 

< 

o> 

1 1 1 1 I I r 

V 

mm 

| \ R1.5(.059) 

_1_1_1_1_1_L 

HHH 

LO 

cC 

V 


14J 14J L(j i-p 14J up 

1 2 3 4 5 6 7 

1L4J 14J 14J 14J 

8 9 10 11 12 13 14 



1 5.24(.600)TYP. 


5° 


1 _L 

M_V 


0.25(.010)+°;i5g02) 


17.4(.685)MAX, 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position 
with respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 















OUTLINE DRAWING (TMM24256AF) 


TMM24256AP/AF 

Unit in mm (inches) 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 

nnnnnnnnnnnnnn 



uuuuuuuuu uuuuu 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 


ia.9(.744)MAX. 




0.43(.017)±0, 


.1 (. 004)^1 


1.27(.050)±0.05(.002) § 


11.8(.465)±0.3(.012) 




1.5(.059)±0.4(.016) 


Note: Lead pitch is 1.27 and toierance is ±0.12 against theoretical center of each lead that is obtained 
on the basis of No. 1 and No. 28 leads. 
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TOSHIBA MOS MEMORY PROOUCTS 


64K BIT (8K WORD X 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE 


TMM2365P 


DESCRIPTION 

The TMM2365P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro¬ 
processor. 

The TMM2365P is fully compatible with a 64 K 
bits EPROM TMM2764D, so completely replace 
EPROM socket. 

The TMM2365P also features an automatic stand¬ 
by power mode. When deselected by Chip Enable 


(CEt ~ s/CEi ~ 3), the operating current is reduced 
from 100mA (MAX) to 25mA(MAX). Output Enable 
(OE) is effective in preventing data confliction of a 
common bus line. 

The TMM2365P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2365P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


FEATURES 

• Single 5V power Supply 

• Access Time; 200ns max. 

• Power Dissipation 

Average Current: 100mA max. 
Standby Current: 25mA max. 

• Input and Output: TTL Compatible 


• Three State Outputs: Wired OR Capability 

• Output Buffer Control: OE 

• Programmable Chip Enable: CE 1 /CE 1 , CE 2 /CE 2 

CE3/^3 

Easy Memory Expansion 

• Compatible with 64K EPROM TMM2764D 


PIN CONNECTION 


BLOCK DIAGRAM 



PIN NAMES 


Aq ~ Ai 2 

Address inputs 

Do ~ D7 

Data outputs 

_51 _ 

Output enable input 

CEi/CEi.CEj/ 

CEj.CEj/CEs 

Chip enable inputs 

N. C. 

No connection 

Vcc 

Power supply terminal 

GND 

Ground 


Vcc GND 














MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N. Vqut 

Input and Output Voltage 

-0.5 ~ 7.0 

V 

Tqpr 

Operating Temperature 

0~70 

°C 

Tstg 

Storage Temperature 

-55~150 

°C 

Tsd 

Soldering Temperature • Time 

260 • 10 

°C • sec 

Pd 

Power Dissipation (Ta = 70°C) 

1.0 

W 


D.C, OPERATING CONDITIONS (Ta = o~70C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

- 

2.0 

- 

Vcc+1 

V 

V|L 

Input Low Voltage 


-0.5 

- 

0.8 

V 

Vcc 

Power Supply Voltage 


4.5 

5.0 

5.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta » 0 ~ 70^*0 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

l|H 

Input High Current 

V|N = 5.5V 

- 

10 

ma 


Input Low Current 

V|(\j = GND 

- 

-10 

ma 


Output High Voltage 

Iqi-I = —400/iA 

2.4 

- 

V 

Vql 

Output Low Voltage 

Iql ~ 3.2mA 

- 

0.4 

V 

Ilo 

Output Leakage Current 

OV ^ VouT ^ Vcc 

-10 

10 

ma 

Icci 

Standby Cu’-rent 

CE = 2.0V, CE = 0.8V 

- 

25 

mA 

Icc2 

Average Current 

tcYC“200nS, louT“0mA 

- 

100 

mA 


A.C, CHARACTERISTICS (Ta * 0 ~ 70^0, Vcc W ±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Access Time 

- 

200 

ns 

tCE 

Output Delay Time from CEi-s/CEi-s 

- 

200 

ns 

tOE 

Output Delay Time from OE 

- 

70 

ns 

fOD 

Output Turn off Delay 

- 

60 

ns 

fCYC 

Cycle Time 

200 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load : 1TTL Gate + lOOpF 

• Input Rise and Fall Times (10%~90%) : 5 ns 

• Input Pulse Levels ; 0.8 ~ 2.2V 


• Timing Measurement Reference Levels : 

Input ;1Vand2.0V 
Output; 0.8V and 2.0V 
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TMM2365P 


CAPACITANCE (Ta = 25*^C. f = IMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = A.C. GND 

- 

8 

PF 

Cqut 

Output Capacitance 

Vq(j-p = A.C. GND 

- 

10 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 



^CYC 



1 

< 

o 

< 

ADDRESS STABLE ^ 




fACC 

CE, -3 

! 

1 


3(CEi~3) ^ 

CE, ~3 

)( 

F 

1 


tCE 

. / 


OE 


c 

^OE ^ 



tOD 

\ 



data VALID 

r H 

Uo / 


/ 


f 1 


Note: top is specified from OE or CE/CE, whichever occurs first. 


POWER ON 

The TMM2365 has self substrate-bias generator required after the application of Vcc (4-5 ~ 5.5V) 

internally. So a minimum lOOjus time delay is before proper device operation is achieved. 
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MOS MEMORY PRODUCTS 


64K BIT (8K WORD X 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE MOS 


TMM2366P 


DESCRIPTION 

The TMM2366P is a 65536 bit fully static read 
only nnennory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro¬ 
processor. 

The TMM2366P also features an automatic standby 
power mode. When deselected by Chip Enable (CE/ 
CE), the operating current is reduced from 100mA 
(MAX) to 25mA (MAX). 

FEATURES 

• Single 5V power Supply 

• Access Time: 200ns max. 

• Power Dissipation 

Average Current: 100mA max. 

Standby Current: 25mA max. 


The TMM2366P is fabricated with ion implanted 
N-channel silicon gate technology. 

This technology allows a production of high perform¬ 
ance. 

The TMM2366P is moulded in a 24 pin standard 
plastic package, 0.6 inch in width. 


• Input and Output: TTL Compatible 

• Three State Outputs: Wired OR Capability 

• Programmable Chip Enable: CE/CE 

• Compatible with TMS4764 


PIN CONNECTION 


BLOCK DIAGRAM 



PIN NAMES 


Ao ~ Ai 2 

Address inputs 

Do ~ D 7 

Data outputs 

CE/^ 

Chip enable input 

Vcc 

Power supply terminal 

GND 

Ground 


Vcc GND Do D, Dj Dj D 4 DS Dft D 7 













TMM2366P 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 


Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N. VouT 

Input and Output Voltage 

-0.5 ~ 7.0 

V 

Topr 

Operating Temperature 

o 

1 

o 

°C 

Tstrg 

Storage Temperature 

-55 ~150 

°C 

Tsd 

Soldering Temperature Time 

260-10 

°C • sec 

Pd 

Power Dissipation (Ta = 70°C) 

1.0 

W 


D.C. OPERATING CONDITIONS (Ta=o~70 C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

- 

2.0 

- 

Vcc+I 

V 

V|L 

Input Low Voltage 

- 

-0.5 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

- 

4.5 

5.0 

5.5 

V 


O.C. and OPERATING CHARACTERISTICS (Ta*0-70®C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

l|H 

Input High Current 

V,N = 5.5V 

- 

10 

juA 

l|L 

Input Low Current 

V|N = GND 

- 

-10 

/iA 

Vqh 

Output High Voltage 

Iqh “ —400^iA 

2.4 

- 

V 

Vql 

Output Low Voltage 

Iql ~ 3.2mA 

- 

0.4 

V 

'lo 

Output Leakage Current 

OV ^ Vqut ^ Vcc 

-10 

10 

juA 

Icci 

Standby Current 

^ = 2.0V, CE = 0.8V 

- 

25 

mA 

ICC2 

Average Current 

tCYC 200ns, Iqut ^ 

- 

100 

mA 
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TMM2366P 


A.C. CHARACTERISTICS (Ta = 0 ~ 70®C, Vcc * 5V ± 16 %) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 


tACC 

Access Time 

- 


ns 

tCE 

Output Delay Time from CE/CE 

- 


ns 

too 

Output Turn off Delay 

- 


ns 

tCYC 

Cycle Time 



ns 


AC. TEST CONDITIONS 

• Output Load ; 1TTL Gate + lOOpF 

• Input Rise and Fall Times (10% ~ 90%) ; 5 ns 

• Input Pulse Levels : 0.8 ~ 2.2V 

• Timing Measurement Reference Levels : Input; IV and 2.0V 

Output; 0.8V and 2.0V 


CAPACITANCE {Ta = 25®C, f = IMHzJ 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

C|N 

Input Capacitnace 

V|N = A.C. GND 

- 

8 

PF 

COUT 

Output Capacitance 

VouT ~ A.C. GND 

- 

10 

pF 


Note: This parameter is periodically sampled and is not 100 % tested. 


TIMING WAVEFORMS 





- 'CYC -^ 


ADDRESS STABLE ^ 

h 


^ACC 





OC 




CE )( 



. 

^OD 

□ 



f— 


s 



1 M V MLIU 

? 


I 1 


POWER ON 

The TMM2366 has a self substrate-bias generator required after the application of Vcc (4.5 ~ 5.5V) 

internaly. So a minimum 100 ms time delay is before proper device operation is achieved. 
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TOSHIBA MOS MEMORY PRODUCTS 


128K BIT (16K WORD X 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE 


TMM23128P 


DESCRIPTION 

The TMM23128P is a 131,072 bit read only 
memory organized as 16,384 words by 8 bits with 
low bit cost, thus being suitable for use in program 
memory for microprocessor and character generator. 

The TMM23128P is fully compatible with a 128K 
bits EPROM TMM27128D, so completely replace 
EPROM socket. 

The TMM23128P also features an automatic 


standby power mode. When deselected by Chip 
Enable (CEi, 2 /CE 1 , 2 ), the operating current is 
reduced form 80mA (Max.) to 20mA (Max.). Output 
Enable (OE) is effective in preventing data confliction 
of a common bus line. The TMI\/I23128P is fabricated 
with ion implanted N-channel silicon gate technology. 
The TMM23128P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


FEATURES 

• Fully Static Operation 

• 16,384 word X 8 bit Structure 

• Single 5V Power Supply 

• fACC = 200ns Max. 

• Topr = 0~70<’C 

• Ice ope = 80mA Max. 

• Icc sby = 20mA Max. 


• Input and Output TTL Compatible 

• Three State Outputs 

• Programmable Chip Enable 

• Pin Compatible with EPROM TMM27128D 

• 28 pin 600 mil. width DIP Plastic Package 


FIN CONNECTION 

NC C 

A 12 C 2 
A 7 C 3 

4 

5 

6 

7 

8 
9 


BLOCK DIAGRAM 


Ae q 

As d 
A4 
A3 c 
A2 Z 
Ai C 

Ao q 10 
Do 


02 q 

Vss Q 


PIN NAMES 


11 
rt 12 


28 ] Vqu 

27 D CEi/CEi/NC 

26 ] Ai3 

25 3 Ag 

24 3 Ag 

23 3 All 

22 3 OE 

21 3Aio 

20 3 CE2/«2 

19 3 D 7 
18 3 06 
17 JDs 
16 ]D4 
15 ]D3 


OEO- 


CEl/CEiO- 


CE2/CE2O- 


Ao O- 


Ai o- 
A 2 O 


Ao ~ Ai3 

Address Inputs 

Do ~ D 7 

Data Outputs 

CEi ~ 2 /CE 1 ~ 2 

Chip Enable Inputs 

OE 

Output Enable Input 

NC 

No Connection 

Vcc 

5V Power Supply 

Vss 

Ground 


AiiO 

A12O- 


Ai30- 


- 3 
I Q. 

u z 



Vec '^ss 

I I 


o z 

X D 
I- O 
Z X 

8” 


OUTPUT 

CONTROL 


Do Di 02 D 3 D 4 Dg Og D 7 

00000000 


OUTPUT BUFFER 


U 


COLUMN DECODER 


MEMORY CELL 
ARRAY 
16,384 X 8 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N. VduT 

Input and Output Voltage 

-0.5 ~ 7.0 

V 

Pd 

Power Dissipation (Ta = 70°C) 

1.0 

W 

Topr 

Operating Temperature 

0~70 

°c 

TstG 

Storage Temperature 

-55~150 

°C 

Tsolder 

Soldering Temperature • Time 

260-10 

°C • sec 


D.C.OPERATING CONDITIONS (Ta =o~ 70 C) 


SYMBOL 

ITEM 

MIN. 

MAX. 

UNIT 

Vcc 

Power Supply Voltage 

4.5 

5.5 

V 

V|H 

Input High Voltage 

2.2 

Vcc 1 

V 

V|L 

Input Low Voltage 

-0.5 

0.8 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C) 


SYMBOL 

ITEM 

CONDITIONS 

MIN. 

MAX. 

UNIT 

•in 

Input Current 

^ ^ Vcc 

- 

±10 

juA 

Ilo 

Output Leakage Current 

OV ^ Vqut ^ Vcc 

- 

±10 

ma 

•oh 

Output High Current 

Voh=2.4V 

-400 

- 

HA 

Iql 

Output Low Current 

VoL = 0.4 V 

3.2 

- 

mA 

Ice ope 

Operating Current 

Min. Cycle 

- 

80 

mA 

fee sby 

Standby Current 

Note 1 

- 

20 

mA 


Note 1: Standby state 00001*$ when either CEj/CE x or CE2/CE2 it disenabled. 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


SYMBOL 

ITEM 

CONDITIONS 

MIN. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = AC GND 

- 

8 

PF 

CouT 

Output Capacitance 

VouT ~ AC GND 

- 

10 

PF 


Note: This parameter is periodioally sampled end is not 100% tested. 








































































































A.C. CHARACTERISTICS (Ta = 0 ~ 70“C, Vcc = 5V ± 10%) 



AC Test Conditions 

• Output Load : ITTL + lOOpF 

• Input Rise and Fall Times (10% to 90%) : 5 ns 

• Input Pulse Levels ; 0.6V to 2.4V 

•Timing Measurement Reference Levels : Input : 0.8V and 2.2V 

Output : 0.8V and 2.0V 


TIMING WAVEFORMS 



Note; 

1 ) tcE »peclflet the time Interval of CEj ~2 (CEi ~2) to become active until It it actually being output. 

2 ) too *• from OE or CE, whichever occurs first. 


APPLICATION INFORMATION 

TMM23128P has self substrate-bias generator required after the application of Vcc (4.5V to 

internally. So a minimum lOOjus time delay is 5.5V) before proper device operation is achieved. 
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TOSHIBA MOS MEMORY PRODUCTS 


256K BIT (32K WORD X 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE 


TMM23256P 


DESCRIPTION 

The TMI\/123256P is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, thus being most suitable for use in 
character generator. 

Consisting of static memory cells and clocked pe¬ 
ripheral circuitry, the TMM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA). 

The TMI\/I23256P also features an automatic stand¬ 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 

FEATURES 

• Single 5V Power Supply 

• Fast Access Time ; 150ns (Max.) 

• Low Power Dissipation 

Average Current ; 40mA (Max.) 

Standby Current ; 10mA (Max.) 

• Inputs protected : All Inputs have Protection 

Against Static Charge 
PIN CONNECTION 



PIN NAMES 


Aq ~ Aj 4 

Address Inputs 

Do D7 

Data Outputs 

OE 

Output Enable Input 

CE 

Chip Enable Input 

N.C. 

No Connection 

Vcc 

Power Supply Terminal 

GND 

Ground 


10mA. Output Enable (OE) is effective in preventing 
data confliction on a common bys line. 

The TMM23256P uses the address latch system 
that the falling edge of CE latches all inputs except 
for OE, thus can be easily connected to a system 
where address and data buses are commonly used. 

The TMM23256P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production on high performance. 

The TMM23256P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


• Edge Enabled Operation : CE 

• Output Buffer Control ; OE 

• Input and Output : TTL Compatible 

• Three State Outputs ; Wired OR Capability 

• 28 pin Standard Plastic DIP 

BLOCK DIAGRAM 


Vcc GND 
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TMM23256P 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N-VouT 

Input and Output Voltage 

-0.5~7.0 

V 

Topr 

Operating Temperature 

o 

1 

o 

°C 

Tstrg 

Storage Temperature 

-55 -150 

°C 

Tsolder 

Soldering Temperature ■ Time 

260 • 10 

°C ■ sec 

Pd 

Power Dissipation (Ta = 70°C) 

1.0 

W 


O.C. OPERATING CONDITIONS (Ta=o~70 C) 


—SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

max: 

UNIT 

V|H 

Input High Voltage 

- 

2.2 

- 

Vcc + 1 

V 

V|L 

Input Low Voltage 

- 

-0.5 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

- 

4.5 

5.0 

5.5 

V 


D,C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

CONDITIONS 


TYP, 

MAX. 

UNIT 

l|H 

Input High Current 

V|N = 5.5V 

- 

0.05 

10 

mA 

IlL 

Input Low Current 

V|N = GND 

- 

-0.05 

-10 

mA 

Vqh 

Output High Voltage 

'oh “ —400^A 

2.4 

3.3 

- 

V 

Vql 


Iql “ 3.2mA 

- 

0.3 

0.4 


'loh 

Output Leakage Current 

VouT = 5.5V 

CE = 2.2Vor 

OE = 2.2V 

- 


10 


•lol 

Vqut = OAV 

- 

-0.1 

-20 

#iA 

•cci 

Standby Current 

CE = 2.2V 

- 

- 

10 

mA 

'CC2 

Average Current 

ICYC “ 230ns, louT = 0mA 

- 

- 

40 

mA 


• Typical values are at Ta = 25°C and Vcc = 5V. 


CAP^ITANCI^ (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = A.C. GND 

- 

5 

10 

PF 

' CoUT 

Output Capacitance 

Vqut = A.C. GND 

- 

8 

15 

PF 


Note ; This parameter is periodically sampled and is not 100% tested. 
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TMM23256P 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°c, Vcc = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 



tCE 

CE pulse width 

- 

150 

- 

- 

ns 

tAS 

Address Setup Time 

- 

0 

- 

- 

ns 

tAH 

Address Hold Time 


30 


- 

ns 

^ACC 

Access Time 



^■mii 

150 

ns 

^00 

Output Delay Time form OE 

- 

- 

- 

70 

ns 

too 

Output Turn off Delay 

- 

- 

- 

70 


tcc 

CE off Time 

- 

70 

- 

- 


tCYC 

Cycle Time 

tAS ^ Otis, tr, tf = 5ns 

230 

- 

- 

ns 


• Typical values are at Ta = 25''C and V^c = 5V. 

A C. TEST CONDITIONS 

• Output Load : 1TTL Gate + lOOpF 

• Input Rise and Fall Times (10% ~ 90%) : 5ns 

• Input Pulse Levels ; 0.8 ~ 2.4V 

• Timing Measurement Reference Levels ; Input ; IV and 2.2V 

Output ; 0.8V and 2.0V 


TIMING WAVEFORMS 



Noted) tQD is specified from OE or CE, whichever occurs first. 

























TMM23256P 


OPEriAttON INFOBMATION 

The TMM23256P has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. The falling 
edge of the CE will activate the device and latch the 
addresses. The output enable (OE) control the out¬ 


put buffers, independent of device selection. Assum¬ 
ing that OE = V|L, the output data is valid at the 
outputs after tACC (150ns) from the falling edge of 
the CE. 


The operation modes of the TMM23256P are listed in the following table. 


MODE 


ADDRESS 

OE 

OUTPUT 


Standby 

H 

* 

* 

High Impedance 

Standby 

Latch 


Valid 

* 

High Impedance 

- 

Read 

L 

.* 

L 

Data Out 

Active 

Output Deselect 

L 

* 

H 


Active 


Note * Don't care 

** Address may change after tAH- 
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APPLICATION INFORMATION 

1. POWER SUPPLY DECOUPLING 

The operating current Ice waveforms for TMM 
23256P are shown in Fig. 1,2. 

The TMM23256P is a clocked device, so the tran¬ 
sient current peaks are produced on the CE transition 
and CE active level. 

The Ice current transients require adequate de¬ 
coupling of Vec power supply. 

2. POWER ON 

The TMM23256P requires initialization prior to 
normal operation. Two initialization methods are as 
follows: 

(1) A minimum lOO/ns time delay is required 
after the application of Vec (+5V) before 
proper device operation is achieved. And dur¬ 
ing this period, CE must be at Vih level. 

(2) A minimum 100ms time delay is required 
after the application of Vec (5V), and then a 
minimum of one initialization cycle must be 
performed before proper device operation is 
acheived. 

Initialization cycle ; An initialization cycle is one 
Chip Enable clock cycle from the first down edge of 
the CE till the next down edge. 


_ 2.2V 

CE 

O.OV 



100 200 300 4C 


Pig- 1 Ice TinDe (1) 



100 200 300 40 


Fig. 2 Ice vs. Time (2) 
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CMOS Mask Read Only Memories 






64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 


TC5364P 


DESCRIPTION 

The TC5364P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC5364P using CMOS technology is most suitable for 
low power applications such as battery operated 
system. 

The TC5364P is asynchronous type ROM which is 
consisting of address latch circuit, static memory 

FEATURES 

• Single Power Supply: 5\/ 

• Access Time: 250 ns 

• Low Power Dissipation 

Operating Current: 7mA (Max.) 

Standby Current: 20 mA (Max.) 

• Wide Operating Temperature Range: —40~85°C 

• Pin Compatible with 64K EPROM TMM2764 and 
NMOS ROM TMM2364/2365 

PIN CONNECTION 

NC/PD/^C 1 
Ai2C 2 

A7C 3 
AeC 4 
AsC 5 
A4C 6 
A3C 7 

A2C 8 
AiC 9 
AqC 10 
Do C 11 
Dl C 12 
□ 2 C 13 
GNdC 14 

PIN NAMES 


Ao ~ Ai2 

Address inputs 

Do ~ D7 

Data outputs 

CE, ~CE3 

Chip enable inputs 

Pd 

Power down input 

OE 

Output enable input 

NC 

No connection 

Vdd 

Power Supply 

GND 

Ground 



cells and clocked peripheral circuitry. The falling 

edge of CEa (or rising edge of CEa) latches all inputs 
except for OE and PD/PD. 

The TC5364P has a PD/PD (optional) input for 
device power saving, and also has three progranma ble 
chip enable inputs (CEi ~ a/CEi ~ a) and one output 
enable input (OE) for fast memory access and output 
control. 

The TC5364P is moulded in a 28 pin standard 
plastic package. 

• Edge Enable Operation: CEa/CEa 

• Address Latch Type 

• Programmable Power Saving Input PD/PD/NC 

• Programmable Chip Select: CEi, CEa, CEa, Easy 

Memory Expansion 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 


BLOCK DIAGRAM 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Voltage 

-0.5 ~ 7.0 

V 

Vqut 

Output Voltage 

0 ~ Vqq 

V 

Pd 

Power Dissipation 

1.0 

W 

Topr 

Operating Temperature 

-40 ~ 85 

°C 

—1 
c/> 

(Q 

Storage Temperature 

-55 ~150 

°C 

Tsoldr 

Soldering Temperature • Time 

260 • 10 

°C ■ sec 


D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.5 

V 

V|H 

Input High Voltage 

2.2 

Vdd + 0-3 

V 

V|L 

Input Low Voltage 

-0.3 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

MAX. 

UNIT 

l|N 

Input Leakage Current 

OV ^ V|N ^ Vdd 


±1.0 

MA 

•lo 

Output Leakage Current 

OV ^ Vqut ^ Vdd 

- 

±5.0 

ma 

Iqh 

Output High Current 

Vqh = 2.4V 

-1.0 

- 

mA 

Iql 

Output Low Current 

VoL = 0.4V 

2.0 

- 

mA 

Iddoi 

Operating Current 

(CE, V|h) =2.2V 
(CE,V|l) =0.8V 
^CYC ^ IMS 

- 

10 

mA 

•dD02 

(CE, V|h) =Vdd -0.2V 
(CE, V|l) =0 .2V 

ICYC “ 1 ms 

- 

7 

mA 

Iddsi 

Standby Current 

(CE, V|h) = 2.2V CE = 0.8V 
(CE,V,l) =0.8V CE =2.2V 
Output = OPEN 

- 

5 

mA 

IdDS2 

(CE) = 0.2V, (CE) = Vdd -0.2V 
V|N = 0.2V or Vdd -0.2V 

Output = OPEN 

- 

20 

ma 


CAPACITANCE* (Ta = 25°C, f = IMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N = OV 

8 

PF 

Cqut 

Output Capacitance 

Vqut = OV 

10 

PF 


‘This parameter is periodicaily sampled and is not 100% tested. 
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TC5364P 


A.C. CHARACTERISTICS (Ta= -40~85-C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Chip Enable Access Time 

- 

250 

ns 

tOE 

Output Enable Access Time 

- 

100 

ns 

tAS 

Address Set up Time 

0 

- 

ns 

tAH 

Address Hold Time 

50 

- 

ns 

tcc 

Chip Enable Off Time 

90 

- 

ns 

tCES 

Chip Enable Setup Time from PD /PD 

90 

- 

ns 

tOED 

Output Disable Time from OE 

- 

90 

ns 

tCED 

Output Disable Time from CE 3 /CE 3 

- 

90 

ns 

tpOH 

Output Hold Time from PD/PD 

- 

90 

ns 

tCYC 

Cycle Time 

350 

- 

ns 


Note 1 : Assumes than OE delay time to CE3/CE 3 ^ t/^CC “ *OE 

A.C. TEST CONDITIONS 

• Output Load: lOOpF + 1 TTL Gate 

• Input Levels; V|l = 0.6V, Vm = 2.4V 

• Timing Measurement Rference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5 ns 

TIMING WAVE FORMS 



OPERATION MODE 


MODE 

PD (PD) 

CEi (CEi) 

CEj (CE 2 ) 

CE 3 (CE 3 ) 

OE 

Outputs 

Read 

L(H) 

H(L) 

H(L) 

Hjr(L-L) 

L 

Valid 

Output 

Deselect 

H(L) 

* 

* 

* 

* 

High-Z 

* 

L(H) 

W 

* 

* 

* 


L(H) 

* 

* 

* 

* 

* 

L(H) 

* 

* 

* 


* 

H 


Note: H:V|h L: V||_ •:V|(_|OrV|L 
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64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE MOS 


DESCRIPTION 

The TC5365P/F is a 65,536 bit read only mem¬ 
ory organized as 8,1 92 words by 8 bit with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor, and in character generator. The 
TC5365P/F using CMOS technology is most suitable 
for low power applications where battery operation is 

FEATURES 

• single 5V Power Supply 

• Access Time ; 250ns(Max.) 

• Power Dissipation 
Operating Current : 7mA(Max.) 

Standby Current: 20//A(Max.) 

• Pin Compatible with 64K EPROM TMM 2764D 

• Full Static Operation 

PIN CONNECTION (TOP VIEW) 



PIN NAMES 


> 

o 

1 

> 

Address Inputs 

Do~D7 

Data Outputs 

NC 

No connection 

CEi~CE3/^~^ 

Chip enable inputs 

OE 

Output enable input 

Vdd 

Power supply 

GND 

Ground 


required. 

The TC5365P/F has three programmable chip 
enable input CEi—CEs/CEi—CEs, for device selec¬ 
tion and one output enable input (OE) for fast mem¬ 
ory access and output control. 


• Programmable Chip Enable 

• All Inputs and Outputs ; TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP: TC5365P 
Plastic FP : TC5365F 

BLOCK DIA0RAM 


^dd gnd 

1 1 
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MAXIMUM RATINGS 



ITEM 

RATING 


Vdd 

Power Supply Voltage 

-0,5-7.0 

V 

ViN 

Input Voltage 

-0.5-7.0 

V 

VOUT 

Output Voltage 

0-Vdo 

V 

Pd 

Power Dissipation 

1.0/0.6* 

W 

Topr 

Operating Temperature 

-40-85 

"C 

Tstg 

Storage Temperature 

-55-150 

“C 

Tsolder 

Soldering Temperature-Time 

260*10 

"C*sec 


NOTE : * Plastic FP 


D. C. OPERATING CONDITIONS (Ta = -40~85 C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 


Vdd 

Power Supply Voltage 

4.5 

5.5 

V 

ViH 

Input High Voltage 

2.2 


V 

ViL 

Input Low Voltage 

-0.3 

0.8 

V 


D. C, and OPERATING CHARACTERISTICS (Ta=-40~85X, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlN 

Input Leakage Current 

OV^Vin^Vdd 

- 


aA 

Ilo 

Output Leakage Current 

OV^Vout^Vdd 

- 


aA 

lOH 

Output High Current 

Voh = 2.4V 




lOL 

Output Low Current 

Vol=0.4V 

2.0 

- ' 



Operating Current 

(CE, Vih) = 2.2V 

(CE. Vil)=0.8V 

tCYC = 1 /<S 

■ 



IdD02 

(CE, Vih)=Vdd-0.2V 
(CE", Vil)=0.2V 

tCYC= 1/xS 

- 

7 

mA 

Iddsi 

Standby Current 

(CE, Vih) = 2.2V 

(CE, Vil) = 0.8V 

Output=OPEN 

- 


mA 

IdDS2 

(CE)=0.2V, (^)=Vdo-0.2V 

ViN=OV— Vdd 

Output=OPEN 

- 

20 

aA 
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TC5365P 

TC5365F 


A. C. CHARACTERISTICS (Ta=-40~85”C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Access Time 

- 

250 

ns 

tCE 

Chip Enable Access Time 

- 

250 

ns 

tOE 

Output Enable Access Time 

- 

100 

ns 

tCED 

Output Disable Time from CEi~3/CEi~3 

0 

90 

ns 

tOED 

Output Disable Time from OE 

0 

90 

ns 

tOH 

Output Hold Time 

0 

- 

ns 

tCYC 

Cycle Time 

250 

— 

ns 


Note 1 : Assumes that OE delay to CEi—s/CEi—aS tAcc-toE _ _ 

Note 2 ; Output disable time (tcEo, toEo) is specified from CEi~ 3 /, CEi~3, OE whichever occurs first. 
A. C. TEST CONDITIONS 

Output Load : lOOpF + ITTL 

Input Levels : Vil=0.6V, Vih = 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V, 2.2V 

Output : 0.8V, 2.2V 

Input Rise and Fall Time : 5ns 


TIMING WAVEFORMS 


‘CYC 


_ ,1 

r - 


i 


r- ■ 


*ACC 1 





t -H 

r 1 





‘CE 



*CED 


__ 

/’ 




1 ! 

I 



‘OED 

1- 

t 

_ /mm 



k 


r- 


CAPACITANCE (Ta = 25"C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

O 

II 

z 

> 

8 

PF 

CoUT 

Output Capacitance 

VouT=OV 

10 

PF 


OPERATION MODE H : Vih, L : Vn, ♦ : ViH or ViL 


MODE 

CEi(CEi) 

CE2(CE2) 

CEslCEs) 

OE 

Outputs 

Read 

H(L) 

H(L) 

H(L) 

L 

Valid 

Outputs 

Deselect 

* L(H1 

♦ 

* 

* 

High-Z 

♦ 

L(H) 

♦ 

♦ 

* 

* 

L(H) 

* 

* 

♦ 

* 

H 
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TC5365P 

TC5365F 


OUTLINE DRAWINGS 

• Plastic DIP 

Unit . mm 



28 27 26 25 24 23 22 

21 20 19 18 17 16 15 

R1.5 



X 

< 

2 




03 


■ Ifl Lp UjJ »fl Lp I4 jI 

t4j 141 Mj tp t4J 



1 2 3 4 5 6 7 8 9 10 11 12 13 .14 



NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No.1 and No. 28 leads 


• Plastic FP 


NOTE ; 


18.9MAX. 


J|J1I|10j|LJ!1J!l 

i!il!ll!l0l!il0. 



-t—1 — 1 — (— 1 t" i 

X 

R0.64 

. 

d 

o> 

T 

uuiiiiirw 

1.27 ±0.05 


iWfF 

1 0.43 ±0.1 



1.5 ±0.4 
' 11.8±a3 



Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of their true longitudinal position with respect to No.1 and No.28 leads 












TOSHIBA MOS MEMORY PRODUCTS 


64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 


TC5366P 


DESCRIPTION 

The TC5366P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. 

The TC5366P using CMOS technology is most 
suitable for low power applications such as battery 

FEATURES 

• Single Power Supply: bV 

• Access Time: 250 ns 

• Low Power Dissipation 

Operating Current: 7mA (Max.) 

Standby Current: 20 a( A (Max.) 

PIN CONNECTION 



PIN NAMES 


Ao ~ Ai2 

Address inputs 

Dq ~ D 7 

Data outputs 

CE/CE 

Chip enable input 

Vdd 

Power supply 

GN.D 

Ground 


operated system. 

The TC5366P is an asynchronous type ROM 
and has a programmable chip enable input for device 
selection and device power saving. 

The TC5366P is moulded in a 24 pin standard 
plastic package. 


• Fully Static Operation 

• Programmable Chip Enable: CE/CE 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 


BLOCK DIAGRAM 


VdD gnd 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Voltage 

-0.5 ~ 7.0 

V 

VquT 

Output Voltage 

o 

< 

D 

O 

V 

Pd 

Power Dissipation 

1.0 

W 

"•"opr 

Operating Temperature 

-40 ~ 85 

■’c 

^stg 

Storage Temperature. 

-55~150 

°C 

Tsolder 

Soldering Temperature • Time 

260 • 10 

O 

C • sec 


D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

o 

a 

> 

Power Supply Voltage 

4.5 

5.5 

V 

V|H 

Input High Voltage 

2.2 

Vdd + 0-3 

V 

V|L 

Input Low Voltage 

-0.3 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

•in 

Input Leakage Current 

OV ^ V,N ^ Vdd 

- 

±1.0 

ma 

•lo 

Output Leakage Current 

ov ^ Vqut ^ Vdd 

- 

±0.5 

ma 

•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

mA 

•OL 

Output Low Current 

Vql = 0.4V 

2.0 

- 

mA 

•ddoi 

Operating Current 

(CE, V|h) =2.2V 
(CE, V|l)=0.8V 
tcYC =IMS 

- 

10 

mA 

•dD02 

(CE,V,h) = Vdd -0 .2 V 
(CE, V|l) =0.2V 
tCYC = IMS 

- 

7 

mA 

•ddsi 

Standby Current 

(CE, V|h) =2.2V 
(CE, V,l)=0.8V 

Output = OPEN 

- 

2 

mA 


(CE) = 0.2V, (CE) = Vdd -0.2V 
V|N ~ OV ~ Vdd 

Output = OPEN 

- 

20 

ma 


CAPACITANCE* (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

0|N 

Input Capacitance 

V,N = OV 

8 

pF ■ 

Oqut 

Output Capacitance 

VouT ~ OV 

10 

pF 


*Thi$ parameter is periodically sampled and is not 100% tested. 
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TC5366P 


A.C. CHARACTERtSTICS (Ta = -40 ~ 85°C, Vqd = 5V ±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Ucc 

Access Time 

- 

250 

ns 

tCE 

Chip Enable Access Time 

- 

250 

ns 

tCED 

Output Disable Time from CE /CE 

0 

90 

ns 

tOH 

Output Hold Time 

0 

- 

ns 

tCYC 

Cycle Time 

250 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load: lOOpF + 1 TTL 

• Input Levels: V|l = O.GV, V|h = 2.4V 

• Timing Measurement Reference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5ns 


r\mm wave forms 



« tcYC 











Ao~Ai2 ^ 

C 

Valid 

r 


r - 


■ ^ACC 1 




CE/CE ^ 

; 



c- 


■ ^ tCE 




..^CED J 

1 


High-z 

- 




1^ High-Z 


Wm 

L ' - 


Mm 



OPERATION MODE 


MODE 

CE (CE) 

Output 

Read 

H(L) 

Valid 

Output 

Deselect 

L(H) 

High-Z 


Note; H: V|h, L: V|l 
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DESCRIPTION 

The TC53257P/F is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, this being suitable for use in program 
memory of microprocessor, and in character gener¬ 
ator. The TC53257P/F using CMOS technology is 
most suitable for low power applications where bat¬ 


• Single 5V Power Supply 

• Access Time ; 200ns(Max.) 

• Power Dissipation 

Operating Current : 25mA(Max.) 

Standby Current : 20//A(Max.) 

• Pin Compatible with 256K EPROM TC57256D 

• Full Static Operation 


tery operation is required. 

The TC53257P/F has one programmable chip 
enable input CE/CE, for device selection and one 
output enable input (OE) for fast memory access and 
output control. 


• Programmable Chip Enable 

• All Inputs and Outputs : TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC53257P 
Plastic FP : TC53257F 



(TOP VIEW) 


BLOCK DIAGRAM 



PIN NAMES 


Ao~Ai4 

Address Inputs 

Do~D7 

Data Outputs 

NC 

No connection 

WCE 

Chip enable input 


Output enable input 

Vdd 

Power supply 

GND 

Ground 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNITS 

Vdd 

Power Supply Voltage 

-0.5-7.0 

V 

ViN 

Input Voltage 

-0.5-7.0 

V 

VoUT 

Output Voltage 

0—Vdd 

V 

Pd 

Power Dissipation 

1.0 0 . 6 * 

W 

Tstg 

Storage Temperature 

-55-150 

C 

Topr 

Operating Temperature 

-40-85 

■’C 

Tsolder 

Soldering Temperature-Time 

260-10 

X-sec 


Note ; ♦Plastic FP 


D. C. OPERATING CONDITINS (Ta = -40~85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0.3. 

V 

ViL 

Input Low Voltage 

-0.3 

- 

00 

6 

V 


D. C. and OPERATING CHARACTERISTICS {Ta= -40-85 C, Vdd= 5V± 10 %) 


SYMBOL 

PARAMETER 

CONDITIONS 




III 

Input Leakage Current 

ViN=0V— Vdd 

- 

± 1.0 

»A 

Ilo 

Output Leakage Current 

^=ViH or OE=Vih 

VouT = 0 V—Vdd 

- 

±5.0 


loH 

Output High Current 

Voh = 2.4V 

- 1.0 

- 


lOL 

Output Low Current 

Vol=0.4V 


- 

mA 

Iddsi 

Standby Current 

m 

II 

< 

I 

O 

m 

II 

< 

- 

2 


IdDS2 

Standby Current 

CE = Vdd-0.2V, CE = 0.2V 

- 


.A 

Iddoi 

Operating Current 

ViH=ViH VIL. tcYCLE = 200ns 

- 

B 


IdD02 

ViN= Vdd— 0.2V,'0.2V. tcYCLE = 200ns 

- 

25 

mA 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

CiN 

Input Capacitance 

f=1MHz, Ta = 25C 

- 

8 

pF 

COUT 

Output Capacitance 

f=1MHz, Ta = 25C 

- 

10 

PF 


Note : This parameter is periodically sampled and is not 100% tested. 
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A. C. TEST CONDITIONS 

Output Load : 100pF+1TTL 

Input Levels : 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V, 2.2V 

Output ; 0.8V, 2.2V 

Input Rise and Fall Time : 5ns 


TIMING WAVEFORMS 
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0.43 + 0.1 


























1M BIT (128K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 


TC531OOOP 


DESCRIPTION 

The TC531000P is a 1,048,576 bit read only 
memory organized as 131,072 words by 8 bits with a 
low bit cost, thus being suitable for use in program 
memory of microprocessor, especially character 
generator. The TC531000P using CMOS technology 
is most suitable for low power applications where 

FEATURES 

• Single 5V Power Supply 

• Access Time: 200 ns (Max.) 

• Power Dissipation 

Operating Current: 30mA (Max.) 

Standby Current: 20nA .(Max.) 


battery operation are required. 

The TC531000P has one chip enable input 
CE/CE, programmable for device selection. 

The TC531000P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• 28 pin 600 mil width DIP Plastic package 

• Fully Static Operation 

• Programmable Chip Enable 



PIN NAMES 


< 

1 

o 

< 

Address inputs 

, Do ~ D7 

Data outputs 

CE/CE 

Chip enable input 

Vqd 

Power supply 

GND 

Ground 


BLOCK DIAGRAM 


Vdd gnd 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Voltage 

—0.5 ~ Vdd 

V 

VoUT 

Output Voltage 

0 ~ Vdd 

V 

Pb 

Power Dissipation 

1.0 

W 

Tstg 

Storage Temperature 

-55~150 

°C 

Topr 

Operating Temperature 

-40 ~ 85 

°c 

Tsolder 

Soldering Temperature ■ Time 

260- 10 

0/> 

C • sec 


O.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd 0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 - 85"C, Vqd = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

± 1.0 

juA 

Ilo 

Output Leakage Current 

CE = V|H, VouT = OV ~ Vdd 

- 

±5.0 

AtA 

Iqh 

Output High Current 

Vqh “ 2.4V 

- 1.0 

- 

mA 

Iql 

Output Low Current 

VoL = 0.4 V 

3.2 

- 

mA 

Iddsi 

Standby Current 

(CT. Vih) = 2.2V, (CE. Vil) = 0.8V 

_ 

5 

mA 


Standby Current 

{CE) = 0.2V, (CE)=Vdd-0.2V, Vin = 0V-Vdd 


20 

juA 

Iddoi 

Operating Current 

ViN == V|h/V|l, tcycie = 200 ns 

- 


mA 

IdD02 

V|n=Vdd-0.2V/0.2V. 1 cycie= 200 ns 

- 


mA 


CAPACITANCE 



PARAMETER 

CONDITIONS 

MIN. 


UNIT 

0 |N 

Input Capacitance 

f = 1 MHz, Ta = 25°C 

- 

8 

PF 

Cqut 

Output Capacitance 

f= 1MHz,Ta = 25°C 

- 

10 

PF 


Note: Thii parameter It periodically templed and it not 100% tatted. 
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TC531OOOP 


A.C. CHARACTERISTICS (Ta - -40 ~ 85“C. Vqq » 5V ± 10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tCYC 

Cycle Time 

200 

- 

ns 

tACC 

Access Time 

- 

200 

ns 

tCE 

Chip Enable Access Time from CE/CE^ 

- 

200 

ns 

tCED 

Output Disable Time from CE/^ 

0 

70 

ns 

tOH 

Output Hold Time 

0 

- 

ns 


AC TEST CONDITIONS 

Output Load ; lOOpF + 1TTL 

Input Levels ; 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input ; 0.8V, 2.2V 

Output ; 0.8V, 2.0V 

Input Rise and Fall Time : 5ns 

TIMING WAVEEORMS 



OPERATION MODE 


MODE 

CE(CE) 

Ao ~ 16 

Outputs 

Power 

Read 

L(H) 

Valid 

Data out 

Operating 

Output Deselect 

H(L) 

* 

High-Z 

Standby 


H: V,H, L:V,i., •: V|HorV|L 
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MEMO 
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MEMO 
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MEMO 





MEMO 




MEMO 
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